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RADIOGRAPHIC SYSTEM AND CONTROL
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of application
Ser. No. 13/738,221 filed on Jan. 10, 2013, now U.S. Pat.

No. 8,755,492 1ssued on Jun. 17, 2014, which 1s a continu-
ation-in-part of application Ser. No. 13/237,219 filed on Sep.
20, 2011, now U.S. Pat. No. 8,651,740 1ssued on Feb. 18,
2014. This application claims the benefit of Korean Patent
Application No. 10-2010-0097304 filed on Oct. 6, 2010, 1n
the Korean Intellectual Property Office. The disclosures of
application Ser. Nos. 13/738,221 and 13/237,219 and
Korean Patent Application No. 10-2010-0097304 are incor-

porated herein by reference 1n their entirety for all purposes.

BACKGROUND

1. Field
This application relates to a radiographic system that can

be moved by an operator using a reduced force and a control
method thereof.

2. Description of Related Art

A radiographic system 1s designed to obtain an internal
image ol a human body using X-rays. The radiographic
system 1s used to inspect injuries of an internal part or
diseases of the human body that are not easily checked by
the external appearance of the human body.

The radiographic system obtains an internal image of the
human body by radiating X-rays to a desired region to be
photographed (1maged), such as a head part and a chest part
of the human body, and by detecting X-rays transmitted
through the region.

The radiographic system 1s provided with an X-ray tube
to radiate X-rays to a desired region. The X-ray tube 1s
mounted to be movable to inspect various regions of the

human body.

In general, a ceiling type radiographic system 1s provided
with at least one guide rail installed on the ceiling of an
ispection room, and a telescoping post frame mounted on
the guide rail. The X-ray tube 1s rotatably installed on a
lower end of the telescoping post frame.

In recent years, the ceiling type radiographic system has
been provided with an automatic movement mode by install-
ing an actuator on an axis of movement of the ceiling type
radiographic system, and as an operator mputs a desired
position, the X-ray tube automatically moves to the position
input by the operator.

In addition, the radiographic system may have a manual
movement mode for the operator to manually move the
X-ray tube. A manual operating switch 1s provided near the
X-ray tube, and the operator may manually move the X-ray
tube after switching the operation mode from the automatic
movement mode to the manual movement mode using the
manual operating switch.

Due to the weight of the X-ray tube and the frictional
resistance of the moving parts of the radiographic system,
the operator needs to apply a large force or torque to the
X-ray tube to move the X-ray tube in the manual movement
mode. Accordingly, when there 1s a need for a repetitive
movement of the X-ray tube, the operator may experience
physical fatigue.

SUMMARY

This Summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
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2

below 1n the Detailed Description. This Summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

In one general aspect, a radiographic system includes a
photographic unit; an operating panel including a button
configured to be pressed to indicate that a movement direc-
tion of the photographic unit 1s to be limited to a specific
movement direction; a measurement unit provided between
the operating panel and the photographic unit and configured
to measure a magnitude and a direction of an external force
applied to the operating panel; and a drive unit configured to
move the photographic unit only 1n the specific movement
direction based on the magnitude and the direction of the
external force measured by the measurement unit 1n
response to the button being pressed.

The drive unit may be further configured to output power
for moving the photographic unit only 1n the specific move-
ment direction based on the magnitude of the external force
measured by the measurement unit 1n response to the button
being pressed.

The drive unit may be further configured to move the
photographic unit only 1n the specific movement direction
only while the button 1s pressed, and stop the movement of
the photographic unit in response to the pressed button being
released.

In another general aspect, a radiographic system includes
a photographic unit; an operating panel configured to receive
an mnput of radiographic information for driving the photo-
graphic unit; a measurement unit provided between the
photographic umit and the operating panel and configured to
measure a magnitude and a direction of an external force
applied to the operating panel; and a system control unit
configured to convert a coordinate system of the measure-
ment unit to a coordinate system of the radiographic system
based on a rotation angle of the photographic unait.

The measurement unit may be further configured to
measure the direction of the external force 1n the coordinate
system of the measurement unit; and the system control unit
may be further configured to convert the direction of the
external force measured by the measurement unit in the
coordinate system of the measurement unit to a direction 1n
the coordinate system of the radiographic system based on
the rotation angle of the photographic unat.

The radiographic system may further include a drive unit
configured to move the photographic umt based on the
magnitude of the external force measured by the measure-
ment unit in the converted direction of the coordinate system
of the radiographic system.

The radiographic system may further include a potenti-
ometer or encoder configured to detect the rotation angle of
the photographic unit, and provide information on the
detected rotation angle of the photographic unit to the
system control unit.

In another general aspect, a radiographic system includes
a photographic unit; a system control unit configured to
calculate a resonance frequency of the radiographic system
at a movement position of the photographic unit, and output
a control signal from which a frequency band including the
calculated resonance frequency has been removed; and a
drive unit configured to move the photographic umt accord-
ing to the control signal output from the system control unait.

The system control unit may be further configured to store
resonance frequency information of the radiographic system
at predetermined movement positions of the photographic
unit, and calculate the resonance frequency of the radio-
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graphic system at the movement position of the photo-
graphic unmit based on the stored resonance frequency infor-
mation.

The system control unit may be further configured to store
coordinates of predetermined points in a movement space of
the photographic unit and resonance frequency information
of the radiographic system at the predetermined points, and
calculate the resonance frequency of the radiographic sys-
tem at the movement position of the photographic unit by
interpolating the stored resonance frequency iformation of
the radiographic system at ones of the predetermined points
that are closest to the movement position of the photo-
graphic unit.

In another general aspect, a radiographic system includes
a photographic unit; a speed sensor configured to detect a
moving speed of the photographic unit; and a system control
unit configured to stop movement of the photographic unit
at a preset stop position in response to the moving speed of
the photographic unit being less than or equal to a first
reference speed at the preset stop position.

The system control unit may be further configured to
decrease the moving speed of the photographic unit so that
the movement of the photographic unit stops at the preset
stop position 1n response to the photographic unit being
within a preset distance of the preset stop position and the
moving speed of the photographic unit being less than or
equal to the first reference speed.

The radiographic system may further include a drive unit
configured to move the photographic unit; and the system
control unit may be further configured to control the drive
unit to stop operating to stop the movement of the photo-
graphic unit at the preset stop position 1n response to the
moving speed of the photographic unit being less than or
equal to the first reference speed at the preset stop position.

The system control unit may be further configured to
control the drive unit to decrease a driving speed of the
photographic unit so that the movement of the photographic
unit stops at the present stop position in response to the
photographic unit being within a preset distance of the
present stop position and the moving speed of the photo-
graphic unit being less than or equal to the first reference
speed.

The radiographic system may further include an operating,
panel including an mput umt configured to instruct the
system control unit to stop the movement of the photo-
graphic unit at the preset stop position.

In another general aspect, a radiographic system includes
a photographic unit; a speed sensor configured to detect a
moving speed of the photographic unit; and a system control
unit configured to change a ratio of the moving speed of the
photographic unit to a force applied to the photographic unit
according to a change 1n the moving speed of the photo-
graphic unit 1n response to the moving speed of the photo-
graphic unit being less than or equal to a second reference
speed.

The system control unit may be further configured to
maintain constant the ratio of the moving speed of the
photographic unit to the force applied to the photographic
unit 1n response to the moving speed of the photographic
unit being greater than the second reference speed.

The system control unit may be further configured to
reduce the ratio of the moving speed of the photographic unit
to the force applied to the photographic unit in response to
the moving speed of the photographic unit being less than or
equal to the second reference speed.

The radiographic system may further include a measure-
ment unit configured to measure a magnitude and a direction
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ol an external force applied to the photographic unit; and a
drive unit configured to move the photographic unit based

on the magnitude and the direction of the external force
measured by the measurement umt and the ratio of the
moving speed of the photographic unit to the force applied
to the photographic unit; wherein the system control unit
may be further configured to reduce the ratio of the moving
speed of the photographic unit to the force applied to the
photographic unit as the moving speed of the photographic
umt decreases 1n response to the moving speed of the
photographic unit being less or equal to the second reference
speed, thereby causing the drive unit to reduce a driving
force for moving the photographic unit as the moving speed
ol the photographic unit decreases in response to the moving
speed of the photographic unit being less or equal to the
second reference speed.

The radiographic system may further include an operating,
panel including an input unit configured to instruct the
system control unit to change the ratio of the moving speed
of the photographic unit to the force applied to the photo-
graphic unit 1n response to the moving speed being less than
or equal to the second reference speed.

Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating the configuration of
a radiographic system in accordance with one example.

FIG. 2 15 a perspective view 1llustrating the configuration
of the radiographic system of FIG. 1 1n accordance with one
example.

FIG. 3 1s an exploded perspective view 1llustrating the
configuration of a portion of the radiographic system of
FIGS. 1 and 2 1n accordance with one example.

FIG. 4 1s a front view illustrating a manipulating umt of
the radiographic system of FIGS. 1-3 in accordance with one
example.

FIG. 5 1s a diagram 1illustrating a state in which an
operator grips the manipulating unit while pressing a spe-
cific direction movement button in accordance with one
example.

FIG. 6 1s a perspective view 1llustrating a force/torque
sensor of the radiographic system of FIGS. 1-3 in accor-
dance with one example.

FIG. 7 1s an exploded perspective view 1llustrating the
force/torque sensor of FIG. 6 and brackets for mounting the
force/torque sensor of FIG. 6 1n accordance with one
example.

FIG. 8 1s a perspective view 1llustrating a cross-shaped
beam structure 1nside the force/torque sensor of FIGS. 6 and
7 1n accordance with one example.

FIG. 9 1s a front view 1llustrating the positions of strain
gauges mounted on the cross-shaped beam structure of FIG.
8 1n accordance with one example.

FIG. 10 1s a perspective view 1llustrating the positions of
the strain gauges mounted on the cross-shaped beam struc-
ture of FIG. 8 1n accordance with one example.

FIG. 11 1s a block diagram illustrating the force/torque
sensor of FIGS. 6-10 1n accordance with one example.

FIG. 12 1s a perspective view illustrating the internal
structure of the manipulating umt, a measurement unit, and
a photographic unit of the radiographic system of FIGS. 1-11
in accordance with one example.

FIG. 13 1s a top view illustrating the mampulating unit,
the measurement unit, and the photographic unit of FIG. 12
in accordance with one example.
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FIG. 14 1s a control block diagram illustrating a process
of generating a control signal to control a motor in a system

control unit of the radiographic system of FIGS. 1-13 1n
accordance with one example.

FIG. 15 1s a diagram 1illustrating a state in which a
coordinate system of a radiographic system 1s consistent
with a coordinate system of the measuring unit 1 accor-
dance with one example.

FIG. 16 1s a diagram 1illustrating a state in which the
coordinate system of the radiographic system 1s not consis-
tent with the coordinate system of the measuring unit due to
rotation of the photographic unit of the radiographic system
in accordance with one example.

FIG. 17 1s a diagram 1illustrating vibration of the radio-
graphic system in accordance with one example.

FI1G. 18 1s a diagram conceptually illustrating mapping to
a three-dimensional virtual space representing a movement
range of the radiographic system 1n a resonance frequency
lookup table of the radiographic system in accordance with
one example.

FIG. 19 1s a graph illustrating a fixed movement sensi-
tivity of the radiographic system in accordance with one
example.

FIG. 20 1s a graph 1illustrating a variable movement
sensitivity of the radiographic system in accordance with
one example.

FI1G. 21 1s a flowchart illustrating a method of controlling
the radiographic system of FIGS. 1-14 in accordance with
one example.

FI1G. 22 15 a flowchart illustrating a virtual detent mode of
the radiographic system 1n accordance with one example.

FI1G. 23 1s a flowchart 1llustrating a fine control mode of
the radiographic system 1n accordance with one example.

FI1G. 24 1s a flowchart 1llustrating a method of performing
conversion from the coordinate system of the measuring unit
to the coordinate system of the radiographic system in
accordance with one example.

DETAILED DESCRIPTION

The following detailed description 1s provided to assist
the reader 1n gaining a comprehensive understanding of the
methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents
of the methods, apparatuses, and/or systems described
herein will be apparent to one of ordinary skill 1n the art.
Also, descriptions of functions and constructions that are
well known to one of ordinary skill 1in the art may be omitted
for increased clarity and conciseness.

Throughout the drawings and the detailed description, the
same reference numerals refer to the same elements. The
drawings may not be to scale, and the relative size, propor-
tions, and depiction of elements in the drawings may be
exaggerated for clarity, illustration, and convenience.

FIG. 1 1s a block diagram 1illustrating the configuration of
a radiographic system in accordance with one example. FIG.
2 15 a perspective view 1llustrating the configuration of the
radiographic system of FIG. 1 in accordance with one
example. FIG. 3 1s an exploded perspective view 1llustrating
the configuration of a portion of the radiographic system of
FIGS. 1 and 2 1n accordance with one example. FIG. 4 1s a
front view illustrating a manipulating unit of the radio-
graphic system of FIGS. 1-3 in accordance with one
example. FIG. 12 1s a perspective view 1llustrating the
internal structure of the manipulating unit, a measurement
unit, and a photographic unit of the radiographic system of
FIGS. 1-11 1 accordance with one example. FIG. 13 1s a top
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view 1llustrating the manipulating unit, the measurement
unit, and the photographic unit of FIG. 12 1n accordance
with one example.

Referring to FIG. 1, a radiographic system includes a
mampulating unit 80 that 1s configured to provide an inter-
face for mamnipulation of the radiographic system, and
includes a display unit 81 configured to provide an 1nterface
through which information related to X-ray imaging 1s input
and each part of the radiographic system 1s manipulated, and
a grip 82 configured to be gripped by an operator to
manually manipulate the radiographic system, a measure-
ment unit 126 (sensor unit) configured to measure (to sense)
a force or a torque applied to a photographic umt 70 (which
may also be referred to as an X-ray source unit) through the
orip 82 of the manipulating unit 80, a system control unit 41
configured to generate a control signal to move the photo-
graphic unit 70 based on a measurement result of the
measurement unit 126, a motor drniver 100 configured to
drive a motor unit 110 according to the control signal of the
system control unit 41, the motor unit 110 being configured
to apply a driving force to move the photographic unit 70,
the photographic unit 70 being configured to photograph an
object, such as a patient, by radiating X-rays to the object,
and a detection unit 11 (X-ray detection unit) configured to
detect X-rays transmitted through the object. The system
control unit 41 outputs an alarm sound indicating movement
of the photographic unit 70 through a sound output unit 42,
thereby notifying the operator that the movement of the
photographic unit 70 1s being performed with the assistance
of the motor unit 110. Each part of the radiographic system

will be described 1n detail below with reference to FIGS. 2
to 4.

Referring to FIGS. 2 and 3, the radiographic system
includes a guide rail unit 30, a moving carriage 40 1nside
which the system control umt 41 1s mounted, a telescoping
post frame 50 (heremnafter referred to as simply the post
frame 50), the motor umt 110, the photographic unit 70, the
measurement unit 126, and the manipulating unit 80.

The radiographic system further includes a photographic
stand 10 supporting the detection unit 11 configured to
detect the X-rays transmitted through the object, and a
photographic table 20 including a surface 21 configured to
support an object to be photographed, such as a patient.

The guide rail unit 30, the moving carrniage 40, and the
post frame 50 enable the photographic unit 70 to be moved
toward the object.

The guide rail unit 30 includes a first guide rail 31 and a
second guide rail mounted at a predetermined angle with
respect to each other. In the example of FIGS. 2 and 3, the
first guide rail 31 extends in a direction perpendicular to a
direction 1n which the second guide rail 32 extends.

The first guide rail 31 1s mounted on a ceiling of an
ispection room 1n which the radiographic system 1is
installed.

The second guide rail 32 1s disposed below the first guide
rail 31, and 1s slidably mounted on the first guide rail 31. The
second guide rail 32 i1s includes rollers (not shown) that are
movable along the first guide rail 31.

The direction in which the first guide rail 31 extends 1s
defined as a first direction D1, and the direction 1n which the
second guide rail 32 extends 1s defined as a second direction
D2. Accordingly, the first direction D1 and the second
direction D2 are perpendicular to each other and are parallel
to the ceiling of the mnspection room.

The moving carriage 40 1s disposed below the second
guide rail 32, and 1s slidably mounted on the second guide
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rail 32. The moving carriage 40 includes rollers (not shown)
that are movable along the second guide rail 32.

Accordingly, the moving carriage 40 1s movable in the
first direction D1 together with the second guide rail 32, and
1s also movable 1n the second direction D2 along the second
guide rail 32. The system control unit 41 1s mounted 1nside
the moving carriage 40, and i1s configured to generate a
control signal based on the measurement result of the
measurement unit 126, and transmit the generated control
signal to the motor driver 100.

The post frame 50 1s disposed below the moving carriage
40 and 1s mounted on the moving carriage 40. The post
frame 50 includes a plurality of posts 51, 52, 53, 54, and 55.

The plurality of posts 51, 52, 53, 54, and 55 form a
telescoping structure that enables the length of the post
frame 50 to be increased or decreased 1n a vertical direction
in the ispection room while mounted on the moving
carriage 40.

The direction 1 which the length of the post frame 50
increase or decreases 1s defined as a third direction D3.
Accordingly, the third direction D3 is perpendicular to the
first direction D1 and the second direction D2.

The photographic unit 70 1s an apparatus configured to
radiate X-rays to an object. The photographic unit 70
includes an X-ray tube 71 to generate X-rays, and a colli-
mator 72 to guide the generated X-rays to the object. The
photographic unit 70 may also be provided with a collision
sensor 74 (not shown 1n FIGS. 1-3, but shown 1n FIG. 12).
The illustration 1n FIG. 12 1s merely an example of the
collision sensor 74, and the position of the collision sensor
74 1s not limited to the position shown i FIG. 12. Also,
additional collision sensors 74 may be provided at other
locations on the photographic umt 70, such as on the other
side of the photographic unit 70 from the collision sensor 74
shown 1n FIG. 12, or on the other side of the photographic
unit 70 from the manipulating unit 80. In one example, the
collision sensor 74 1s an optical sensor configured to sense
an object 1n a moving direction of the photographic unit 70
and output a signal corresponding to a distance to the sensed
object. The system control unit 41 1s configured to control
the motors 111, 112, and 113 to prevent the photographic
unit 70 from colliding with the sensed object based on the
signal output from the collision sensor 74.

A rotating joint unit 60 1s disposed between the photo-
graphic umt 70 and the post frame 50. The rotating joint unit
60 couples the photographic unit 70 to the post frame 50
while supporting the load acting on the photographic unit 70.

The rotating joint unit 60 includes a first rotating joint 61
connected to a bottom post 51 of the post frame 50, and a
second rotating joint 62 connected to the photographic unit
70.

The first rotating joint 61 1s configured to be rotatable
about a central axis of the post frame 50 that extends in the
vertical direction in the inspection room. Accordingly, the
first rotating joint 61 1s rotatable in a plane that 1s perpen-
dicular to the third direction D3. The rotating direction of the
first rotating joint 61 1s defined as a fourth direction D4, that
1s, a direction of rotation about an axis parallel to the third
direction D3.

The second rotating joint 62 1s configured to be rotatable
in a plane that 1s perpendicular to the ceiling of the 1nspec-
tion room. Accordingly, the second rotating joint 62 1s
rotatable 1n a direction of rotation about an axis that may be
parallel to the first direction D1 or the second direction D2,
depending on a rotation of the first rotating joint 61 1n the
fourth direction D4. The rotating direction of the second
rotating joint 62 1s defined as a fifth direction D3, that 1s a

10

15

20

25

30

35

40

45

50

55

60

65

8

direction of rotation about an axis that may extend parallel
to the first direction D1 or the second direction D2, depend-
ing on a rotation of the first rotating joint 61 1n the fourth
direction D4.

Accordingly, the photographic unmit 70 1s rotatable in the
fourth direction D4 and the fifth direction D5 while con-
nected to the rotating joint unit 60, and 1s also movable 1n the
first direction D1, the second direction D2, and the third
direction D3 while connected to the post frame 50 through
the rotating joint unit 60.

In order to move the photographic unit 70 1n the first
direction D1 to the fifth direction D5, the motor unit 110 1s
provided. The motor unit 110 may include a plurality of
motors, each of which may be an electrical motor, and may
include an encoder or a potentiometer configured to provide
information on the speed and position of a shatt of the motor.

The motor unit 110 may be provided with a first motor
111, a second motor 112, a third motor 113, a fourth motor
114, and a fifth motor 115 respectively corresponding to the
first to fifth directions D1 to D3. In the example in FIGS. 2
and 3, two motors 111 are provided.

For the convenience of design, the motors 111, 112, 113,
114 and, 115 may be disposed at various positions. For
example, the first motors 111 configured to move the second
guide rail 32 in the first direction D1 may be disposed at
positions near the first guide rail 31, the second motor 112
configured to move the moving carriage 40 in the second
direction D2 may be disposed at a position near the second
guide rail 32, and the third motor 113 configured to increase
or decrease the length of the post frame 350 in the third
direction D3 may be disposed 1nside the moving carriage 40.
In addition, the fourth motor 114 configured to rotate the
photographic unit 70 1n the fourth direction D4 may be
disposed at a position near the first rotating joint 61, and the
fitth motor 1135 configured to rotate the photographic unit 70
in the fifth direction D5 may be disposed at a position near
the second rotating joint 62.

Each motor of the motor unit 110 may be connected to a
power transmission unit (not shown) to translate or rotate the
photographic unit 70 in the first to fifth directions D1 to D5.
The power transmission unit (not shown) may include a belkt,
a pulley, a chain, a sprocket, or any other element that 1is
generally used as a power transmission unit.

The mamipulating unit 80 1s provided at one side of the
photographic unit 70 to provide an interface through which
various 1nformation related to X-ray imaging 1s mput and
cach part of the radiographic system 1s manipulated.

Referring to FIG. 4, the manipulating unit 80 includes a
display unit 81 to provide an interface through which
information related to X-ray imaging 1s mput and each part
of the radiographic system 1s manipulated, and a grip 82
configured to be gripped by an operator to manually manipu-
late the radiographic system. In addition, a button unit 84 for
mampulating the radiographic system 1s provided on the
mampulating unit 80, and collision sensors 87 may be
provided on the manipulating unit 80 as shown in FIG. 12.
The illustration 1n FIG. 12 1s merely an example of the
collision sensors 87, and the position of the collision sensors
87 are not limited to the positions shown in FIG. 12. Also,
additional collision sensors 87 may be provided at other
locations on the manipulating unit 80. In one example, the
collision sensors 87 are optical sensors configured to sense
an object 1n a moving direction of the photographic unit 70
and output a signal corresponding to a distance to the sensed
object. The system control unit 41 1s configured to control
the motors 111, 112, and 113 to prevent the photographic
unmit 70 from colliding with the sensed object based on the
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signal output from the collision sensors 87. When the
radiographic system images a subject, the display unit 81 of
the manipulating unit 80 may provide a preview function of
displaying a captured image or video to enable an operator
to immediately view the captured image or video. The
display unit 81 of the manipulating umt 80 as well as a
workstation (not shown) may display the captured image or
video, and therefore the operator may immediately view the
captured i1mage or video on either one or both of the
workstation and the display unit 81 of the mampulating unit
80.

The display unit 81 includes a touch screen to which a
touch gesture of the operator may be mnput. Soit key buttons
for performing the same functions as all of the physical
buttons of the button unit 84 may be implemented on the
touch screen. The operator may input the same command
iput by manipulation of a physical button by touching the
corresponding soit key button implemented on the touch
screen. The button unit 84 includes a fourth direction
rotation selecting button 85 and a fifth direction rotation
selecting button 86 to be pressed by the operator when the
operator desires to rotate the photographic unit 70 in the
fourth direction or the fifth direction. That 1s, when the
operator desires to rotate the photographic unit 70 in the
fourth direction D4, the operator may rotate the photo-
graphic unit 70 after pressing the fourth direction rotation
selecting button 85, or may rotate the photographic unit 70
while pressing the fourth direction rotation selecting button
85. When the operator desires to rotate the photographic unit
70 1n the fifth direction D3, the operator may rotate the
photographic umt 70 after pressing the fifth direction rota-
tion selecting button 86, or may rotate the photographic unit
70 while pressing the fifth direction rotation selecting button
86. The 1llustration of the rotation selecting buttons 835 and
86 in FIG. 4 1s merely an example, and the positions of the
rotation selecting buttons 85 and 86 are not limited to the
positions shown 1n FIG. 4. Soft key buttons for performing,
the same functions as the rotation selecting buttons 85 and
86 may be implemented on the touch screen.

Although the grip 82 1s illustrated 1n FIG. 4 as being
provided at a lower side of the manipulating unit 80, the
position of the grip 82 1s not limited to that position, and the
orip 82 may be provided at a different position on the
manipulating unit 80.

An operator may move and rotate the photographic unit
70 by gripping the grip 82 of the manipulating unit 80 to
apply a force or a torque to the photographic unit 70. The
movement and rotation of the photographic unit 70 in
response to the force or torque applied by the operator will
be described later.

The system control unit 41 1s provided to control the
devices provided 1n the radiographic system, including the
motor driver 100 and the manipulating unit 80, and 1s
clectrically connected to the devices provided 1n the radio-
graphic system. The system control unit 41 may be mounted
inside the moving carriage 40.

The system control unit 41 1s electrically connected to the
motor driver 100 configured to drive each motor of the
motor unit 110 to move the photographic unit 70 to a desired
position.

For example, if the operator inputs a desired photographic
position of the photographic unit 70 through the manipulat-
ing unit 80, the system control unit 41 determines a current
position of the photographic unit 70 and the desired photo-
graphic position, and generates a control signal to control the
operation of the motor unit 110 to move the photographic
unit 70 to the desired photographic position, and outputs the
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generated control signal to the motor driver 100. The pho-
tographic unit 70 1s moved to the desired photographic
position by the operation of the motor 110. This mode of
operation 1s referred to as an automatic movement mode.
The automatic movement mode may be manipulated in a
remote scheme through a remote controller including an
interface that receives a command to move the photographic
unit 70 to a desired position, or may be mampulated through
the button umt 84 of the manipulating unit 80. Alternatively,
the automatic movement mode may be mampulated through
a workstation.

In addition, the operator may move the photographic unit
70 to a desired photographic position by directly applying a
force or a torque to the photographic unit 70. This mode of
operation 1s referred to as a manual movement mode. In
order to convert from the automatic movement mode to the
manual movement mode, a mode conversion unit 83 1s
provided. The mode conversion umit 83 may be mounted on
the grip 82 of the manipulating unit 80 1n the form of a
switch. The operation mode 1s converted to the manual
movement mode if the operator presses the mode conversion
unit 83, and 1s converted to the automatic movement mode
if the operator releases the mode conversion unit 83. Alter-
natively, the mode conversion unit 83 may be integrally
tormed with the grip 82. The operation mode 1s converted to
the manual movement mode 11 the operator presses the mode
conversion umt 83 by pressing the grip 82, and 1s converted
to the automatic movement mode if the operator releases the
mode conversion unit by releasing the grip 82. Alternatively,
the operation mode may be converted to the manual move-
ment mode without using the grip 82 11 a force or a torque
1s detected by the measurement unit 126.

In the manual movement mode, a large force or a large
torque must be applied to move the position of the photo-
graphic unit 70 since the frictional force generated by the
motor unit 110 needs to be overcome. However, when the
operator applies a force or a torque to the photographic unit
70, if the intention of the operator 1s recognized and the
motor unit 110 1s driven 1n response to the intention of the
operator, the photographic unit 70 may be moved with a
smaller force or torque than if the operator had to move the
photographic unit 70 without the assistance of the motor unit
110. The manual movement mode 1n which the motor unit
110 1s driven 1n response to the intention of the operator to
move the photographic unit 70 may be referred to as a
power-assisted movement mode or simply power-assisted
mode to avoid confusion with a manual movement mode in
which the user manually moves a photographic unit without
a motor unit being driven.

Accordingly, 1n order to recognize the intention of the
operator, the radiographic system i1s provided with the
measurement unit 126 to measure the force or the torque
being applied to the photographic unit 70 by the operator. A
signal indicating the force or torque measured by the mea-
surement unit 126 1s transmitted to the system control unit
41, and the system control unit 41 operates the motor unit
110 1n response to the force or the torque measured by the
measurement unit 126. The measurement unit 126 may
include a {force/torque sensor, and hereimafter will be
referred to interchangeably as a measurement umt 126 or a
force/torque sensor 126.

FIG. 6 1s a perspective view 1llustrating a force/torque
sensor 126 of the radiographic system of FIGS. 1-3 1n
accordance with one example. FIG. 7 1s an exploded per-
spective view 1llustrating the force/torque sensor 126 of
FIG. 6 and brackets 127 and 128 for mounting the force/

torque sensor 126 of FIG. 6 1n accordance with one example.
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FIG. 8 1s a perspective view 1llustrating a cross-shaped beam
structure 1nside the force/torque sensor 126 of FIGS. 6 and
7 1n accordance with one example. FIG. 9 1s a front view
illustrating the positions of strain gauges 150 to 155
mounted on the cross-shaped beam structure of FIG. 8 in
accordance with one example. FIG. 10 1s a perspective view
illustrating the positions of the strain gauges 150 to 1535
mounted on the cross-shaped beam structure of FIG. 8 in
accordance with one example. FIG. 11 1s a block diagram
illustrating the force/torque sensor 126 of FIGS. 6-10 1n
accordance with one example.

Although the measurement unit 126 in this example 1s
implemented with the force/torque sensor 126, the measure-
ment unit 126 1s not limited thereto, and the measurement
unit 126 may be implemented with various types of sensors
capable of measuring a force acting on the photographic unit
70, such as a three-axis force sensor.

The force/torque sensor 126 may measure forces 1n three
directions 1ntersecting with one another, and torques having
the three directions as rotation axes.

Since the force/torque sensor 126 i1s able to measure a
total of three forces in three directions and a total of three
torques having the three directions as rotation axes, the
force/torque sensor 126 1s able to measure forces 1n the first
direction D1 to the third direction D3 of movement of the
photographic unit 70 and torques 1n the fourth direction D4
and the fifth direction D5 of the movement of the photo-
graphic unit 70.

Although the measurement unit 126 may be implemented
with the force/torque sensor 126 to measure the forces in the
three directions intersecting one another and the torques
having the three directions as rotation axes, the measure-
ment unit 126 1s not limited thereto. Since the directions
requiring a larger force of an operator 1 moving the
photographic unit 70 are the three directions intersecting one
another, the measurement unit 126 may be implemented
with a three-axis sensor configured to measure forces acting,
in at least three directions to assist with the movement of the
photographic umt 70.

Referring to FIG. 7, when the force/torque sensor 126 1s
mounted between the manipulating unit 80 and the photo-
graphic unit 70, a front surface member 140 of the force/
torque sensor 126 1s connected to a first bracket 127 con-
figured to fix the force/torque sensor 126 to the manipulating
unit 80, and a rear surface member 143 containing a cross-
shaped beam structure 142 is connected to a second bracket
128 configured to fix the force/torque sensor 126 to the
photographic unit 70. Although the first bracket 127 and the
second bracket 128 are used to mount the force/torque
sensor 126 between the manipulating unit 80 and the pho-
tographic unit 70 1n this example, the method of mounting,
1s not limited thereto, and the force/torque sensor 126 may
be mounted between the manipulating unit 80 and the
photographic unit 70 by use of a different mounting member
or members. The front surface member 140 1s separated
from the rear surface member 143 by a connection member
141. The connection member 141 1s not fastened to both the
front surface member and the rear surface member, which
enables the front surface member 140 to rotate relative to the
rear surface member 143 when a torque 1s applied to the
force/torque sensor 126. However, the connection member

141 may be omitted from the force/torque sensor 126.
The front surface member 140 has the form of the letter

“1” when viewed from the side, and 1s inserted into the rear
surface member 143 through the connection member 141 to
assemble the force/torque sensor 126. An insertion part 140q
of the front surface member 140 corresponding to the stem
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of the letter “1” 1s 1nserted 1nto the rear surface member 143
through the connection member 141 and 1s fastened to a
central portion 148 of the cross-shaped beam structure 142
mounted inside the rear surface member 143 to transmait the
force or the torque applied to the manipulating unit 80 to the
cross-shaped beam structure 142.

Since the msertion part 140a of the front surface member
140 1s fastened to the central portion 148 of the cross-shaped
beam structure 142, the central portion 148 of the cross-
shaped beam structure 142 rotates with the front surface
member 140 when a torque i1s applied to the force/torque
sensor 126. Also, the outer rim of the cross-shaped beam
structure 142 1s fastened to the rear surface member 143 to
prevent the outer rim of the cross-shaped beam structure 142
from rotating when a torque 1s applied to the force/torque
sensor. This enables the central portion 148 of the cross-
shaped beam structure 142 to rotate relative to the outer rim
of the cross-shaped beam structure 142 when a torque 1s
applied to the force/torque sensor 126.

A straimn occurs 1n the cross-shaped beam structure 142
due to the force or torque transmitted through the front
surface member 140, and this strain 1s measured by the strain
gauges 150 to 155 mounted on the cross-shaped beam
structure 142 as a change 1n resistance of the strain gauges
150 to 1535. Although the cross-shaped beam structure 142 1s
used to measure the force or torque in this example, the
force/torque sensor 126 1s not limited to the cross-shaped
beam structure 142, and a different structure may be used to
measure the force or torque.

Referring to FIG. 8, the cross-shaped beam structure 142
1s 1llustrated as being provided inside the rear surface
member 143 of the force/torque sensor 126. The cross-
shaped beam structure 142 will undergo a bending defor-
mation corresponding to the force or torque applied from the
outside. The strain gauges 1350 to 1535 are provided on
surfaces of beams 144, 145, 146, and 147 as shown 1n FIGS.
9 and 10, and a resistance of each of the strain gauges 150
to 155 changes 1n proportion to the bending of the beam.

In order to measure the forces acting in the directions of
the three axes intersecting one another, that 1s, the X axis, the
Y-axis, and the Z-axis, four strain gauges 150 are provided
the X-axis, four strain gauges 151 are provided for the
Y-axis, and four strain gauges 152 are provided for the
7.-axis.

For example, referring to FIGS. 9 and 10, 1mn order to
measure the force acting in the direction of the X-axis, four
strain gauges 150 are provided on each lateral side of each
of two beams 144 and 145 that are parallel to the Y-axis 1n
the cross-shaped beam structure 142. In order to measure the
force acting 1n the direction of the Y-axis, four strain gauges
151 are provided on each lateral side of each of two beams
146 and 147 that are parallel to the X-axis in the cross-
shaped beam structure 142. In order to measure the force
acting 1n the direction of the Z-axis, four strain gauges 152
are provided on a front and a rear of each of the two beams
146 and 147 that are parallel to the X-axis in the cross-
shaped beam structure 142. In FIG. 9, the Z-axis 1s perpen-
dicular to the plane of FIG. 9, and extends out of the plane
of FIG. 9 as indicated by the dot in the circle at the
intersection of the X-axis and the Y-axis.

In order to measure the torque having the X-axis as a
rotation axis, four strain gauges 153 are provided on a front
and a rear of each of the two beams 144 and 1435 that are
parallel to the Y-axis 1n the cross-shaped beam structure 142.
In order to measure the torque having the Y-axis as a rotation
axis, four strain gauges 154 are provided on a front and a
rear ol each of the two beams 146 and 147 that are parallel
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to the X-axis 1n the cross-shaped beam structure 142. In
order to measure the torque having the Z-axis as a rotation
axis, four strain gauges 155 are provided on each lateral side
of each of the two beams 144 and 145 that are parallel to the
Y-axis in the cross-shaped beam structure 142.

The 1installation positions and the number of the strain
gauges 150 to 155 may be determined by the number of
forces and torques to be measured, and are not limited to the
positions and number described above.

The strain gauges 150 to 155 are connected 1n a bridge
circuit. The bridge circuit may be implemented as a quarter
bridge including a single strain gauge, a half bridge 1nclud-
ing two strain gauges, and a full bridge including four strain
gauges. The bridge circuit 1n this example 1s implemented as
a full bridge.

The full bridge 1s not easily affected by the temperature,
and produces a small noise, and thus 1s suitable for a case
where a high precision 1s required or a noise has a significant
influence. In addition, the full bridge has a great ratio of
output voltage to mput voltage, and thus 1s suitable for the
bridge circuit from the viewpoint of sensitivity.

In order to measure the forces acting 1n the three direc-
tions intersecting one another and the torques having the
three directions as rotation axes as described above, a total
of six sets of four strain gauges are provided, and a total of
s1x full bridges are provided. That 1s, the four strain gauges
150 form a first set of four strain gauges and are connected
in a first full bridge. The four strain gauges 151 form a
second set of four strain gauges and are connected 1n a
second full bridge. The four strain gauges 152 form a third
set of four strain gauges and are connected 1n a third full
bridge. The four strain gauges 153 form a fourth set of four
strain gauges and are connected 1n a fourth full bridge. The
four strain gauges 154 form a fifth set of four strain gauges
and are connected 1 a fifth full bridge. The four strain
gauges 155 form a sixth set of four strain gauges and are
connected 1n a sixth full bridge.

The description of the force/torque sensor and the internal
structure provided above 1s merely an example, and the
measurement unit 126 1s not limited thereto, and a diflerent
type of force/torque sensor having a different internal struc-
ture may be used.

The strain gauges used 1n the force/torque sensor 126 in
this example may be a dual strain gauge having two strain
gauges or a single strain gauge having only one strain gauge.
In the following description, the reference number ‘150” will
be used as a representative reference number of the strain
gauge, but the description also applies to the strain gauges
151, 152, 153, 154, and 155.

A change 1n the resistance of the strain gauge 1350 1s
converted to a voltage signal of microvolts or millivolts. As
shown i FIG. 11, the voltage signal 1s amplified by an
amplification unit 130 of the force/torque sensor 126. The
amplified voltage signal 1s converted to a digital signal by an
A/D converter (ADC) 132 included 1n a sensor control unit
131 of the force/torque sensor 126.

A firmware 133 of the sensor control unit 131 of the
force/torque sensor 126 converts the digital signal to
numerical data, and calculates eflective data by performing
a noise filtering operation and a calibration operation.

The firmware 133 converts the calculated data to adapt to
a RS-232 communication protocol format that 1s defined
between the system control unit 41 and the force/torque
sensor 126 for transmission to the system control unit 41.
The calculated data converted to adapt to the RS-232
communication protocol 1s converted to an electrical signal
that conforms with the RS-232 standard by a Universal
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Synchronous/ Asynchronous Receiver/ Transmitter
(USART) 134, and 1s transmitted to the system control unit
41.

Analog signals, such as the force or the torque applied to
the force/torque sensor 126, are converted to digital signals
by the force/torque sensor 126, and are transmitted to the
system control unit 41.

As described above, information related to the direction
and the magmitude of a force or a torque measured by the
force/torque sensor 126 1s transmitted to the system control
unit 41, and 1s used by the system control unit 41 to generate
a control signal to control the operation of the motor unit
110.

The force/torque sensor 126 1s disposed at a position near
the photographic unit 70 to recognize the intention of the
operator by measuring the force or torque applied to the
photographic umt 70 by the operator.

For example, the force/torque sensor 126 1s disposed
between the manipulating unit 80 and the photographic umit
70 as shown 1n FIG. 3. In the manual movement mode, the
operator grips the grips 82 and applies a force or a torque to
the grip 82, so the force/torque sensor 126 1s disposed
between the manipulating unit 80 and the photographic unit
70 as shown in FIG. 3.

As shown i FIG. 3, the force/torque sensor 126 1is
mounted between the manipulating unit 80 and the photo-
graphic unit 70 by the first bracket 127 disposed between the
force/torque sensor 126 and the manipulating unit 80, and
the second bracket 128 disposed between the force/torque
sensor 126 and the photographic unit 70. In FIG. 12, the
force/torque sensor 126 1s illustrated as being mounted
between the manipulating unit 80 and the photographic unit
70 by the first bracket 127 and the second bracket 128.

Since the force/torque sensor 126 1s disposed between the
mampulating unit 80 and the photographic unit 70, the force
or torque applied to the grip 82 of the manipulating unit 80
by the operator may be precisely measured by the force
torque sensor 126.

Alternatively, the {force/torque sensor 126 may be
mounted between the photographic unit 70 and the rotating
jomt unit 60, and may be connected to each of the photo-
graphic unit 70 and the rotating joint unit 60. If the force/
torque sensor 126 1s disposed in this manner, 11 the operator
applies a force or torque to the photographic unit 70 without
using the grip 82, the force or torque may still be precisely
measured by the force/torque sensor 126.

Signals generated by the force/torque sensor 126, the
collision sensor 74 mounted on the photographic unit 70, the
collision sensors 87 mounted on the manipulating unit 80,
and the manipulating unit 80 are transmitted to the system
control unit 41 via a link board 73. That 1s, the link board 73
serves to relay the signals from the force/torque sensor 126,
the collision sensors 74 and 87, and the manipulating unit 80
to the system control unit 41. Accordingly, the link board 73
1s 1integrated with signal lines configured to deliver signals
from the force/torque sensor 126, the collision sensors and
74 and 87, and the manipulating unit 80 to the link board 73.
In addition, the link board 73 may include an A/D converter
to convert analog signals to digital signals, so that in a case
where analog signals are included in the signals transmitted
to the link board 73 from the force/torque sensor 126, the
collision sensors 74 and 87, and the manipulating unit 80,
the A/D converter of the link board 73 converts the recerved
analog signal to digital signals, thereby transmitting all
signals 1n the form of a digital signal to the system control
unit 41. As described above, the link board 73 serves to relay
signals from the force/torque sensor 126, the collision sen-
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sors 74 and 87, and the manipulating unit 80 to the system
control unit 41, and also serves to convert any analog signals
to digital signals using the A/D converter included 1n the link
board 73.

The link board 73 1s 1nstalled inside the photographic unit
70 at the position shown 1 FIGS. 12 and 13.

The signals transmitted to the system control unit 41 via
the link board 73 are transmitted through a RS-232 com-
munication cable connected to the link board 73. The
RS-232 communication cable extends through a corrugated
tube 75 capable of expanding and contracting, and 1s con-
nected to the system control unit 41.

Referring to FIGS. 12 and 13, since the corrugated tube 75
1s connected to an opening 76 provided at an upper surface
of the photographic unit 70, the link board 73 may be
installed at a position adjacent to the openming 76 to which the
corrugated tube 75 1s connected so that the RS-232 com-
munication cable easily extends through the corrugated tube
75.

The opening 76 to which the corrugated tube 75 1s
connected may be provided at a position that does not
interfere with a region of the X-ray tube 71 configured to
generate X-rays. Referring to FIGS. 12 and 13, the opening
76 1s provided at a region of the upper surface of the
photographic unit 70 that 1s adjacent to a rear surface of the
photographic umit 70 opposite to a front surface of the
photographic unit 70 on which the manipulating unit 80 1s
installed. The link board 73 1s 1nstalled at a lower side of the
opening 76.

The corrugated tube 75 may be installed at a diflerent
position as long as 1t does not interfere with the region of the
X-ray tube 71 configured to generate X-rays, and the link
board 73 may be installed at a position adjacent to the
corrugated tube 75 1nstalled at the different position.

Since digital signals generated from the measurement
results of the force/torque sensor 126 are transmitted to the
system control unit 41 via the link board 73, the system
control unit 41 receives mformation related to the force or
the torque applied to the photographic unit 70 measured by
the force/torque sensor 126, and generates a control signal to
drive the motor unit 110 based on the received information.

In order to assist with a translation movement of the
photographic unit 70, the system control unit 41, based on a
result of measurement of the force/torque sensor 126, deter-
mines a motor of the motors 111, 112, and 113 of the motor
unit 110 that 1s configured to move the photographic unit 70
in a direction corresponding to a result of measurement of
forces 1n three directions intersecting one another, and then
generates a control signal to control the operation of the
determined motor of the motor unit 110. In one example, the
system control unit 41 1s capable of generating control
signals to control two or more of the motors 111, 112, and
113 simultaneously to move the photographic unit 70 (X-ray
source unit) 1 two or more of the directions D1, D2, and D3
simultaneously 11 forces 1in two or more of the three direc-
tions intersecting one another (X-axis force, Y-axis force,
and Z-axis force) are simultaneously sensed by the mea-
surement unit 126 (sensor unit).

In order to generate the control signal to assist with a
translation movement of the photographic umt 70, the sys-
tem control unit 41 uses mnformation on forces acting 1n three
directions intersecting one another.

When the photographic unit 70 1s not moving, the motor
unit 110 1s coupled to a moving roller in a stopped state.
Accordingly, 11 the photographic unit 70 1s manually moved
to a desired position, a clutch 1s required to disengage the
motor unit 110 from the moving roller. In addition, 1n order
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to stop moving the photographic unit 70, a brake 1s required.
The need to install the clutch and the brake during the
manufacturing process of the radiographic system compli-
cates the manufacturing process.

However, 1n thus example, the force applied to the pho-
tographic umit 70 1s measured and the motor unit 110 1s
driven 1n response to the measured force to assist with the
movement of the photographic unit 70 1n a direction in
which the force 1s applied, thereby eliminating the need for
the clutch and the brake that would otherwise be required to
manually move the photographic unit 70. Accordingly, three
clutches and three brakes required for translations in the
three directions D1, D2, and D3 may be omitted i this
example.

In order to assist with a rotation movement of the pho-
tographic unit 70, the system control umt 41, based on a
result of measurement of the force/torque sensor 126, deter-
mines a motor of the motors 114 and 115 of the motor umt
110 that 1s configured to rotate the photographic unit 70 1n
a direction corresponding to a result ol measurement of a
torque having one of the intersecting three directions as a
rotation axis, and generates a control signal to control the
operation of the determined motor of the motor unit 110.

In order to generate a control signal to assist with a
rotation movement of the photographic unit 70, the system
control unit 41 uses mmformation on at least one torque
having at least one of the three directions as a rotation axis.
In this example, the directions in which the photographic
umt 70 are the directions D4 and D5, and accordingly the
force/torque sensor 126 measures torques acting in the
directions D4 and DS5.

When the photographic unit 70 1s not rotating, the motor
unmit 110 1s coupled to a moving roller 1n a stopped state.
Accordingly, 11 the photographic unit 70 1s manually rotated
to a desired position, a clutch 1s required to disengage the
motor unit 110 from the moving roller. In addition, 1n order
to stop rotating the photographic unit 70, a brake 1s required.
The need to install the clutch and the brake during the
manufacturing process of the radiographic system compli-
cates the manufacturing process.

However, i this example, the torque applied to the
photographic unit 70 1s measured and the motor unit 110 1s
driven 1n response to the measured torque to assist with the
rotation of the photographic unit 70 in a direction 1n which
the torque 1s applied, thereby eliminating the need for the
clutch and brake that would otherwise be required to manu-
ally rotate the photographic unit 70. Accordingly, two
clutches and two brakes required for rotation in the direc-
tions D4 and D5 may be omitted 1n this example.

As a result, 1in this example, the force or torque applied to
the photographic unit 70 1s measured, and the motor unit 110
1s driven 1n response to the measured force or torque to assist
with the movement or rotation of the photographic unit 70
in the direction in which the force or torque i1s applied,
thereby eliminating the need for five clutches and five brakes
that would otherwise be required to manually move or rotate
the photographic unit 70.

Alternatively, 11 a smaller force 1s required to rotate the
photographic unit 70 compared to a force required to trans-
late the photographic unit 70, the radiographic system may
assist with only the translation of the photographic unit 70
without assisting with the rotation of the photographic umt
70. In this case, two clutches and two brakes that may be
omitted when the rotation of the photographic unit 70 is
assisted need to be installed.

I1 the translation and the rotation of the photographic unit
70 are not assisted, in order to translate and rotate the
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photographic unit 70, a larger force 1s required. To this end,
the manipulating unit 80 1s provided at both sides of the
photographic unit with two grips that are gripped by both
hands.

However, 1n this example, when the translation and the
rotation of the photographic unit 70 are assisted in the
manual movement mode, the photographic unit 70 may be
translated or rotated with a smaller force, so the grip 82 of
the mampulating unit 80 1s provided in a form that 1s gripped
by one hand. Accordingly, the space required for the grip 82
1s reduced in the manipulating unit 80, enabling the display
unit 81 to be larger. The enlarged display unit 81 enables the
operator to check more information at once without an
additional manipulation of the manipulating unit 80, thereby
reducing the time taken for manipulation of the radiographic
system.

As described above, the operator may easily move the
photographic umt 70 1n a desired direction 1n the power-
assisted mode. That 1s, when the operator moves the pho-
tographic unit 70 1n a state in which the mode conversion
unit 83 (which may also be referred to as a mode switching,
unit) 1s pressed by gripping the grip, the power-assisted
mode 1s activated to assist with the movement of the
photographic unit 70 regardless of the movement direction
of the photographic unit 70. That 1s, the photographic unit 70
may be moved in any direction in the power-assisted mode.

However, in this example, a function of activating the
power-assisted mode only when the photographic unit 70 1s
moved 1n a specific direction 1s provided. The button unit 84
of the manipulating unit 80 (which may also be referred to
as an operating panel) 1s provided with first to third direction
movement buttons 88, 89, and 90 for activating the power-
assisted mode only when the photographic unit 70 1s moved
in any one of first to third directions. The first to third
directions may be X, Y, and Z directions. For example, the
first direction movement button 88 may activate the power-
assisted mode only when the photographic unit 70 1s moved
in the X direction, the second direction movement button 89
may activate the power-assisted mode only when the pho-
tographic unit 70 1s moved 1n the Y direction, and the third
direction movement button 90 may activate the power-
assisted mode only when the photographic unit 70 1s moved
in the 7 direction.

When the operator applies a force for moving the photo-
graphic unit 70 1n a corresponding direction while pressing
a specific direction movement button, the measurement unit
126 measures the force applied to the photographic unit 70
and transmits information related to the measured force to
the system control unit 41. The system control unit 41 assists
with the movement of the photographic unit 70 by output-
ting a control signal for operating the motor that provides a
driving force for moving the photographic unit 70 in the
corresponding direction based on the information transmit-
ted from the measurement unit 126 and driving the motor
based on the control signal.

For example, when the operator moves the photographic
unit 70 1n the first direction while pressing the first direction
movement button 88, the system control unit 41 activates the
power-assisted mode only 1n the first direction and drives
only the motor that provides a driving force for moving the
photographic unit 70 in the first direction. When the pho-
tographic umt 70 1s moved in another direction while the
first direction movement button 88 1s pressed, 1t 1s diflicult
to receive the assistance of the power-assisted mode 1n the
movement of the photographic unit 70 because any motor
for providing a driving force for moving the photographic
unit 70 1 a direction other than the first direction 1s not
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driven. The operator may release the activation of the
power-assisted mode 1n the first direction by releasing the
first direction movement button 88. The same i1s also true for

mamipulation of the second and third direction movement
buttons 89 and 90.

As 1llustrated 1n FIG. 4, the operating panel 80 may be
provided with the first, second, and third direction move-
ment buttons 88, 89, and 90. The operator may activate the
power-assisted mode only when moving the photographic

umit 70 m a desired direction among the first to third
directions. As 1illustrated 1n FIG. 4, the first, second, and
third direction movement buttons 88, 89, and 90 may be
implemented as hard key buttons, and additionally or alter-
natively may be implemented on the display unit 81 as soft
key buttons. The first to third directions are only examples,
and the specific direction movement buttons are not limited
to these examples. For example, a specific direction move-
ment button for activating the power-assisted mode only
when the photographic unit 70 1s moved 1 a specific
direction that 1s a combination of any two or all three of the
first to third directions may be provided.

FIG. 5 1s a diagram 1llustrating a state in which the
operator grips the operating panel 80 while pressing a
specific direction movement button 1n accordance with one
example. As illustrated 1n FIG. 5, a groove on which the
operator’s fingers may be stably placed 1s provided on a back
side of the operating panel 80 so that the operator may more
stably grip the operating panel 80. The operator may grip the
operating panel 80 to move the photographic unit 70 as
illustrated 1 FIG. 5 while pressing the specific direction
movement button.

Although the above-described specific direction move-
ment function may be configured to be performed 1n a state
in which the specific direction movement button 1s pressed,
the specific direction movement function 1s not limited
thereto. For example, the specific direction movement func-
tion may be configured to be performed even when the
pressed state 1s not maintained after the specific direction
movement button has been pressed. In this case, by pressing
the specific direction movement button again, the power-
assisted mode for movement 1n the specific direction may be
released.

Also, button unit 84 of the operating panel 80 may include
a home position button that enables the operator to return the
photographic unit 70 to a predetermined home position. The
home position button may be implemented a hard key button
as illustrated i FIG. 4, or implemented on the display unit
81 as a soft key button. When the operator presses a hard key
home position button or touches a soit key home position
button, the photographic unit 70 automatically moves to the
predetermined home position. The home position may be
pre-designated, stored, and changed as various home posi-
tions. When the home position button 1s manipulated, the
system control unit 41 drives one or more motors needed to
move the photographic unit 70 to the home position. When
the photographic unit 70 reaches the home position, the
system control unit 41 stops the movement of the photo-
graphic unit 70 at the home position by stopping the driving
of the one or more motors.

Heremalter, a process of generating a control signal to
assist with a translation and a rotation of the photographic
umit 70 based on the result of the measurement of the
measurement unit 126 in the system control unit 41 will be
described in detail with reference to FIG. 14.

FIG. 14 1s a control block diagram illustrating a process
of generating a control signal to control a motor in a system
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control unit of the radiographic system of FIGS. 1-13 1n
accordance with one example.

After the measurement unit 126 measures a force or a
torque that are applied to the photographic unit 70, the
system control unit 41 determines a motor of the motor unit
110 to provide a driving force 1n a direction of the force or
the torque measured by the measurement unit 126.

For example, if the operator applies a force to the pho-
tographic unit 70 to move the photographic unit 70 in the
first direction D1 while gripping the grip 82, the measure-
ment unit 126 measures the force and transmits the mea-
sured force to the system control unit 41, and the system
control unit 41 determines the first motors 111 that are
configured to move the photographic unit 70 1n the direction
of the measured force transmitted from the measurement
unit 126, that 1s, in the first direction D1, as a subject for
control.

Similarly, 1f the operator applies a torque to the photo-
graphic unit 70 to rotate the photographic unit 70 in the
tourth direction D4 while gripping the grip 82, the measure-
ment unit 126 measures the torque and transmits the mea-
sured torque to the system control unit 41, and the system
control unit 41 determines the fourth motor 114 that is
configured to rotate the photographic unit 70 in a direction
of the measured torque transmitted from the measurement
unit 126, that 1s, in the fourth direction D4, as a subject of
control.

FIG. 15 1s a diagram 1illustrating a state in which a
coordinate system of the radiographic system is consistent
with a coordinate system of the measuring unit 126 in
accordance with one example. In FIG. 15, coordinate sys-
tems to be recognized by the operator in the movement of
the photographic unit 70, that 1s, a coordinate system of the
radiographic system and a coordinate system of the mea-
surement unit 126, are 1llustrated. The measurement unit 126
measures a force or torque applied to the photographic unit
70 1n the coordinate system of the measurement unit 126. At
a position of the photographic unit 70 1llustrated 1n FIG. 15,
the coordinate system of the measurement unit 126 1s
consistent with the coordinate system of the radiographic
system. That 1s, the X, Y, and Z axes of the coordinate
system ol the measurement unit 126 have the same orien-
tation as the X, Y, and Z axes of the coordinate system of the
radiographic system. Because the operator recognizes the
coordinate system of the radiographic system and moves the
photographic unit 70 according to the recognized coordinate
system of the radiographic system, the coordinate system of
the measurement unit 126 needs to be constantly consistent
with the coordinate system of the radiographic system.

For example, as 1llustrated in FIG. 15, when the operator
applies a force in an X-axis direction of the coordinate
system of the radiographic system to move the photographic
unit 70 1n the first or X-axis direction 1n a state in which the
coordinate system of the measurement unit 126 1s consistent
with the coordinate system of the radiographic system, a
direction of the force applied to the photographic unit 70
detected by the measurement unit 126 (an X-axis direction
of the coordinate system of the measurement unit 126) is
consistent with the X-axis direction of the coordinate system
of the radiographic system because the coordinate system of
the measurement unit 126 is consistent with the coordinate
system of the radiographic system. Accordingly, the system
control unit 41 drives the motor that provides the driving
force for moving the photographic unit 70 in the X-axis

direction based on a detection result of the measurement unit
126.
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FIG. 16 1s a diagram 1llustrating a state in which the
coordinate system of the radiographic system 1s not consis-
tent with the coordinate system of the measuring unit 126
due to rotation of the photographic unit 70 of the radio-
graphic system in accordance with one example. As 1llus-
trated 1n FIG. 16, when the photographic unit 70 1s rotated
by 90 degrees 1n the fourth direction D4, the X-axis direction
of the coordinate system of the measurement unit 126
becomes a Y-axis direction of the coordinate system of the
radiographic system, and therefore the coordinate system of
the measurement unit 126 1s not consistent with the coor-
dinate system of the radiographic system. That 1s, the X, Y,
and 7 axes of the coordinate system of the measurement unit
126 do not have the same orientation as the X, Y, and 7 axes
of the coordinate system of the radiographic system. In this
state, when the operator applies a force in the X-axis
direction of the coordinate system of the radiographic sys-
tem to move the photographic unit 70 1n the first or X-axis
direction, the coordinate system of the measurement unit
126 1s not consistent with the coordinate system of the
radiographic system, and therefore a direction of a force
applied to the photographic unit 70 detected by the mea-
surement unit 126 becomes the Y-axis direction. Accord-
ingly, 1I coordinate conversion for making the coordinate
system of the measurement unit 126 to be consistent with the
coordinate system of the radiographic system 1s not per-
formed, the system control unit 41 will drive the motor
providing the driving force for moving the photographic unit
70 1n the second or Y-axis direction according to a detection
result of the measurement unit 126 instead of driving the
motor providing the driving force for moving the photo-
graphic unit 70 1n the first or X-axis direction in which the
operator desires to move the photographic unit 70. Also,
when the photographic unit 70 1s rotated by 90 degrees in the
fifth direction D5 (not shown), the X-axis direction of the
coordinate system of the measurement unit 126 becomes a
Z-axi1s direction of the coordinate system of the radiographic
system, and therefore the coordinate system of the measure-
ment unit 126 1s not consistent with the coordinate system of
the radiographic system.

Accordingly, 1n this example, the coordinate system of the
measurement unit 126 1s made to be consistent with the
coordinate system of the radiographic system by performing
a coordinate conversion in real time to prevent the coordi-
nate system of the measurement unit 126 from being incon-
sistent with the coordinate system of the radiographic sys-
tem due to rotation of the photographic unit 70 1n the fourth
or fifth direction.

The system control unit 41 causes a direction of a force
measured 1n the coordinate system of the measurement unit
126 to be consistent with the coordinate system of the
radiographic system by performing a coordinate conversion
defined by the following Equation 1.

( FXoeiting ) [ cosp 0 sinff] [cosy —siny O (1)
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{ Fsensor |
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Equation 1 represents an operation ol converting a force
(Fx._ ...Fy._ . Fz of X, Y, and 7 directions mea-
sured 1n the coordinate system of the measurement unit 126
to a force (FX_ e F¥eoiting YZcoiting) 1 the coordinate
system of the radiographic system through a coordinate
conversion. In Equation 1, 3 represents a rotation angle of
the photographic unit 70 in the fifth direction D5, and v
represents a rotation angle of the photographic unit 70 1n the
fourth direction D4.

A corresponding encoder or potentiometer may be pro-
vided to measure the rotation angle of the photographic unit
70 1n each of the fourth direction D4 and the fifth direction
D5 1n real time. Fach encoder or potentiometer may be
included 1n a corresponding one of the fourth motor 114 and
the fifth motor 115 for rotating the photographic unit 70 in
a corresponding one of the fourth direction D4 and the fifth
direction D3 as described above 1n connection with FIGS. 2
and 3. For example, when the photographic unit 70 rotates
in the fourth direction D4, the corresponding encoder or
potentiometer measures the rotation angle of the photo-
graphic unit 70 in the fourth direction D4 and outputs the
measured rotation angle to the system control unit 41. The
system control unit 41 converts a force measured in the
coordinate system of the measurement unit 126 to a force 1n
the coordinate system of the radiographic system using the
measured rotation angle output from the encoder or the
potentiometer and the coordinate conversion defined by
Equation 1.

That 1s, when the operator applies a force 1n the X-axis
direction of the coordinate system of the radiographic sys-
tem to move the photographic unit 70 1n the first or X-axis
direction in a state 1n which the photographic unit 70 has
been rotated 1n the fourth direction D4 and the measurement
unit 126 detects a direction of the force applied to the
photographic unit 70 in the coordinate system of the mea-
surement unit 126, the system control unit 41 converts a
force measured in the coordinate system of the measurement
unit 126 to a force in the coordinate system of the radio-
graphic system using the rotation angle measured by the
encoder or the potentiometer and the coordinate conversion
defined by Equation 1. When the force measured by the
measurement unit 126 1s converted to the force in the
coordinate system of the radiographic system through the
coordinate conversion, the system control unit 41 drives the
motor that provides the driving force for moving the pho-
tographic unit 70 in the first or X-axis direction instead of
driving the motor that provides the driving force for moving
the photographic unit 70 1n the second or Y-axis direction
and assists the operator with moving the photographic unit
70 1n the first or X-axis direction.

After the motor of the motor unit 110 capable of providing
a driving force in the direction of the force or the torque
measured by the measurement unit 126 1s determined based
on the force or the torque measured by the measurement unit
126, the system control unit 41 determines a driving speed
of the determined motor of the motor unit 110 based on the
magnitude of the force or the torque measured by the
measurement umt 126.

Referring to FI1G. 14, the system control umit 41 calculates
a control signal including a driving speed of x/ of the
determined motor of the motor unit 110 corresponding to the
torce or the torque applied to the photographic unit 70 based
on an 1mpedance model. A transter function G(S) between a
torce F(S) applied to the photographic unit 70 and a driving
speed V(S) of the photographic unmit 70 1s defined by the
tollowing Equation 2.
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V(S) w, (2)

G(S) = =k
() (5) TS24 20w,8 + W2

In Equation 2, k. denotes a speed/force ratio coetlicient,
and may be set by the operator depending on the require-
ments of the operator. In order to achieve a precise move-
ment ot the photographic unit 70, k. may be set to be smaller
than a predetermined value, and 1n order to achieve an easy
movement of the photographic unit 70, k- may be set to be
larger than the predetermined value. C denotes a damping
factor that 1s set to be larger than 1 to prevent an overshoot
that may cause an unexpected movement of the photo-
graphic unit 70, and o denotes an undamped natural fre-
quency that 1s determined depending on the driving condi-
tion of the apparatus.

Although the transfer function G(S) 1s provided in the
form of a second-order low-pass filter as shown 1n Equation
2, the transfer function G(S) 1s not limited thereto, and may
be provided 1n the form of a first-order filter, or 1n the form
of a third- or higher-order filter.

In addition, 1n a case in which a larger force 1s abruptly
applied to the apparatus, for example, 1n a case 1n which an
operator collides with the apparatus, or a larger force 1is
applied to the apparatus due to an erroneous operation of the
apparatus, the system control umt 41 prevents oscillation
caused by such an abrupt larger force.

The system control unit 41 calculates a weighted speed/
force ratio coetlicient Ef having a weight function applied
thereto 1n real time 1n order to prevent oscillation. The
tollowing Equation 3 defines the weighted speed/force ratio
coellicient Ef.

o—alleyl=b) _ 1

(3)

ki =Cyle)ks, Cyle,) =0.5 +1

p—alley|=b) 1 1

In Equation 3, C_, denotes a weight function, and e,
denotes a speed error, that 1s, a difference between a driving
speed x / of the photographic umt 70 calculated through the
impedance model and a speed x' at which the photographic
unit 70 actually moves, k. denotes the speed/force ratio
coellicient set by the operator, and a and b denote adjustment
constants.

An abrupt increase or decrease of a force being applied to
the photographic unit 70 results 1n a speed error, that 1s,
results 1 e, increasing, and with the increase of e, the
weight tunction C, (e,) decreases, and thus the weighted
speed/force ratio coetlicient k. decreases. Accordingly, the
system has a high damping coetlicient, and as the moving
speed of the photographic unit 70 decreases or the photo-
graphic unit 70 stops moving, oscillation does not occur.

The degree to which the weight tunction C (e ) decreases
as €  increases varies depending on the adjustment constant
a. If the adjustment constant a 1s larger, the weight function
C, (e ) decreases nonlinearly. The weight function C (e,)
starts decreasing 1n a nonlinear manner if the speed error e,
exceeds a predetermined value, and thus the moving speed
x' of the photographic unit 70 decreases or the photographic
unit 70 stops moving. A value of the speed error e, causing
the weight function C (e,) to start decreasing may be set in
advance depending on the value a and may be stored.
Accordingly, 1f the speed error e, equals or exceeds the value
of the speed error e, set 1n advance and stored, the system
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control unit 41 reduces the moving speed of the photo-
graphic unit 70 or stops moving the photographic unit 70.

After the system control unit 41 calculates the control
signal including the dnving speed x/ of the determined
motor of the motor unit 110, the system control unit 41
removes a signal having a frequency range corresponding to
a resonance Irequency range of the radiographic system
from the control signal to reduce vibration generated when
the photographic unit 70 moves.

FIG. 17 1s a diagram 1illustrating vibration of the radio-
graphic system in accordance with one example. Because
the radiographic system has a structure in which the photo-
graphic unit 70 1s mounted on a ceiling through the post
frame 50, the combination of the post frame 50 and the
photographic unit 70 may vibrate like a simple pendulum,
that 1s, like a weight hung from a string, as illustrated by P
in F1G. 17. For example, when a force 1s applied to move the
photographic unit 70 1n the X-axis direction, the force may
cause the post frame 50 and the photographic unit 70 to
vibrate like a stmple pendulum as illustrated by P in FIG. 17,
and the vibration may be amplified by resonance when the
frequency of the vibration is equal to a natural frequency of
the radiographic system.

Also, the photographic unit 70 of the radiographic system
1s connected to the rotating joint 61 and mounted outside an
extension line of the post frame 50 without being mounted
on the extension line of the post frame 30 as illustrated 1n
FIGS. 2 and 3. Accordingly, the center of mass of the
photographic unit 70 1s not aligned with the center of the
post frame 50. Because the center of mass of the photo-
graphic unit 70 1s not aligned with the center of the post
frame 50, the photographic unit 70 may rotationally vibrate
about the post frame 50 as a rotation axis as illustrated by M
in F1G. 17. For example, when a force 1s applied to move the
photographic unit 70 1n the X-axis direction, the force may
cause the photographic unit 70 to rotationally vibrate as
illustrated 1n FIG. 17, and the rotational vibration may be
amplified by resonance when the frequency of the angular
vibration 1s equal to a natural frequency of the radiographic
system.

When a vibration i1s amplified by resonance, it may be
difficult to accurately position the photographic unit 70 at a
desired position, structural fatigue may accumulate in the
parts of the radiographic system, or a fault may occur.

In this example, the amplification of the vibration by
resonance 1s prevented from occurring by eliminating a
signal of a frequency domain corresponding to a resonance
frequency domain of the radiographic system from a control
signal using a notch filter represented by Equation 4 below.

In addition, 1n this example, a lookup table LUT 1n which
the natural frequency of the radiographic system, which may
change according to the position of the photographic unit 70,
1s mapped to a space i which the photographic unit 70 1s
movable may be prestored. The system control unmit 41
determines the natural frequency of the radiographic system
corresponding to a movement position of the photographic
unit 70 using the lookup table LUT every time the photo-
graphic unit 70 moves, and removes the signal of the
frequency domain corresponding to the resonance frequency
domain of the radiographic system from the control signal
by applying the notch filter.

FIG. 18 1s a diagram conceptually illustrating mapping to
a three-dimensional virtual space representing a movement
range of the radiographic system 1n a resonance frequency
lookup table of the radiographic system in accordance with
one example. In FIG. 18, the lookup table LUT in which the
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predetermined points P of a three-dimensional virtual space
corresponding to a space 1n which the photographic unit 70
1s movable 1s conceptually illustrated. The predetermined
points may be equally spaced 1n each of the X, Y, and Z
directions as illustrated in FIG. 18, but this 1s merely an
example, and the predetermined points are not limited to any
particular spacing or configuration. The natural frequency of
the radiographic system may have a different value at each
predetermined point of the three-dimensional virtual space.
For example, because the frequency of the simple pendulum
vibration increases as the length of the post frame 30
decreases, a value of the natural frequency of the radio-
graphic system may increase the photographic unit 70
moves closer to the ceiling.

The lookup table LUT may be stored 1n the system control
unmit 41. The system control unit 41 calculates the natural
frequency of the radiographic system corresponding to a
movement position of the photographic unit 70 detected in
real time using the lookup table LUT.

That 1s, when the photographic unit 70 moves, the
encoder or the potentiometer of the motor moving the
photographic unit 70 detects the position of the photographic
umt 70 and transmits a position change of the photographic
unit 70 to the system control unit 41 in real time. The system
control unit 41 determines natural frequency values mapped
to predetermined points that are closest to the position of the
photographic unit 70 detected in real time using the lookup
table LUT, and calculates the natural frequency of the
radiographic system corresponding to the position of the
photographic unit 70 by interpolating the determined natural
frequency values. The system control unit 41 removes a
signal of the resonance frequency domain of the radio-
graphic system by applying the calculated natural frequency
to the notch filter.

A transier function N(S) of a notch filter to remove a
signal of a resonance frequency range 1s defined by the
following Equation 4.

(4)

In Equation 4, w_ denotes a notch frequency that 1s a
resonance Irequency of the radiographic system, and Q
denotes a quality factor. A stop bandwidth that 1s removed by
the notch filter 1s determined by a ratio of the notch
frequency to the quality factor, that 1s, w_/Q.

In FIG. 14, the blocks labeled “IMPEDANCE MODEL”
and “k/” together perform a calculation according to Equa-
tion 2 above; the block labeled “C (e )’ performs a calcu-
lation according to Equation 3 above, and the block labeled
“VIBRATION REDUCTION” performs a calculation
according to Equation 4 above. The input labeled “INITIAL
SET” enables the operator to set k-to a desired value.

One control circuit as shown 1 FIG. 14 1s provided for
each of the motors 111, 112, 113, 114, and 115 of the motor
umt 110. However, only one control circuit may be provided
for the two motors 111. The control circuit provided for the
two motors 111 receives a force measured in the direction
D1 by the measurement unit 126 as an mput. The control
circuit provided for the motor 112 receives a force measured
in the direction D2 by the measurement unit 126 as an input.
The control circuit provided for the motor 113 receives a
force measured 1n the direction D3 by the measurement unit
126 as an input. The control circuit provided for the motor
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114 receives a torque measured in the direction D4 as an
input. The control circuit provided for the motor 1135
received a torque measured 1n the direction D3 as an input.
In an example 1n which the radiographic system assists only
with the translation of the photographic unit 70 without
assisting with the rotation of the photographic unit 70 as
described above, one control circuit as shown 1n FIG. 14 1s
provided for each of the motors 111, 112, and 113 of the
motor umt 110. Again, only one control circuit may be
provided for the two motors 111.

The system control unit 41 applies the notch filter to the
calculated control signal, and converts the calculated control
signal to which the notch filter has been applied to a form
satistying the CANopen (Controller Area Network open)
communication profile DS-402, and transmits the converted
control signal to the motor driver 100.

The communication between the system control unit 41
and the motor driver 100 in this example supports the
CANopen communication profile DS-301, DS-305, DS-402
industrial standard profile based on a CAN communication
interface. The communication between the system control
unit 41 and the motor driver 100 may be achieved through
a CAN communication cable.

The motor driver 100 generates a three-phase AC voltage
signal to drive the determined motor of the motor unit 110
according to the control signal transmitted from the system
control unit 41, and outputs the generated three-phase AC
voltage signal to the determined motor of the motor umt 110.
The determined motor of the motor unit 110, according to
the voltage signal transmitted from the motor driver 100,
assists the photographic umt 70 1n the movement 1n the
direction of the force or the torque measured by the mea-
surement unit 126. Referring to FIG. 14, the motor umt 110
teeds back the driving speed x' and the moving distance x of
the determined motor to the system control unit 41. The
system control unit 41 updates the control signal in real time
based on the feedback information, thereby performing a
precise assistance.

Accordingly, when the photographic unit 70 1s moved to
a desired position with the assistance of the motor unit 110,
the operator may move the photographic unit 70 with a
smaller force or torque, thereby reducing the fatigue caused
by the manual manipulation of the photographic unit 70.

When the operator desires to stop the movement of the
photographic unit 70 at a target position while moving the
photographic umt 70 in the power-assisted mode, 1t 1s
dificult to accurately stop the movement of the photo-
graphic umt 70 at the target position in one attempt. In
general, the photographic unit 70 1s located at the target
position while the moving speed of the photographic unit 70
1s reduced and the position of the photographic unit 70 1s
finely controlled to stop the photographic unit 70 at the
target position.

A radiographic system in accordance with one example
may automatically stop the photographic unit 70 at the target
position without the need to finely control the position of the
photographic unit 70 1n the vicinity of the target position to
accurately stop the photographic unit 70 at the target posi-
tion.

That 1s, when the moving speed of the photographic umit
70 1s less than or equal to a preset speed at a preset speciiic
position, the system control unit 41 stops the photographic
unit 70 at the preset specific position by stopping the driving,
of the motor that 1s assisting with the movement of the
photographic unit 70. That 1s, the movement of the photo-
graphic unit 70 1s stopped by stopping the driving of the
motor without using a separate brake. Hereimnatter, a mode in
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which this function 1s implemented and i1s referred to as a
virtual detent mode as will be described.

In the virtual detent mode, the operator may directly
designate and store a position at which the movement of the
photographic unit 70 1s to be automatically stopped, and this
position may be preset and stored as a position at which the
photographic unit 70 1s frequently located. For example, the
position at which the photographic unit 70 1s located may be
a home position at which the photographic unit 70 1s located
while the radiographic system 1s not being used. Hereinatter,
this preset position 1s referred to as a stop position. The
encoder or the potentiometer described above detects the
position of the photographic unit 70 1n real time and trans-
mits the detected position to the system control unit 41. The
system control unit 41 determines whether the position of
the photographic unit 70 detected 1n real time 1s equal to the
stop position.

In addition, a speed sensor for detecting the moving speed
of the photographic unit 70 detects the moving speed of the
photographic unit 70 1n real time and transmits the detected
moving speed to the system control unmit 41. The speed
sensor may be the encoder or the potentiometer described
above, or may be a separate speed sensor. The system
control unit 41 determines whether the moving speed of the
photographic unit 70 detected in real time 1s less than or
equal to the preset speed at the stop position. Hereinafter, the
preset speed 1s referred to as a first reference speed. Because
it may be assumed that the operator desires to stop the
movement of the photographic unit 70 at the stop position
when the speed of the photographic umt 70 1s sufliciently
slow at or near the stop position, the first reference speed
may be determined from this viewpoint.

When the position of the photographic unit 70 1s equal to
the stop position and the moving speed of the photographic
unit 70 1s less than or equal to the first reference speed, the
system control unit 41 1s configured to stop the movement of
the photographic unit 70 by stopping the driving of the
motor that 1s assisting with the movement of the photo-
graphic unit 70.

In accordance with another example, the system control
unit 41 may determine whether the real-time position of the
photographic unit 70 transmitted from the encoder or the
potentiometer has entered a space (hereimatter referred to as
a stop space) having a predetermined volume including the
stop position. In addition, when the position of the photo-
graphic unit 70 has entered the stop space, the system
control unit 41 determines whether the moving speed of the
photographic unit 70 transmitted 1n real time 1s less than or
equal to the first reference speed, and gradually reduces the
moving speed of the photographic unit 70 so that the
photographic umt 70 may stop at the stop position when the
moving speed of the photographic unit 70 1s less than or
equal to the first reference speed. Because 1t 1s possible to
stop the photographic unit 70 while gradually reducing the
moving speed of the photographic unit 70 without immedi-
ately stopping the photographic unit 70 by setting the stop
space, the photographic unit 70 may more smoothly stop at
the stop position.

An 1nput unit such as a button capable of turning on and
ofl the above-described virtual detent mode 1f necessary may
be provided on the operating panel 80 or the workstation.
The operator may move the photographic unit 70 to the
preset stop position by turning on the virtual detent mode by
mampulating the button and controlling the moving speed of
the photographic unit 70 to be less than or equal to the first
reference speed at the stop position so that the photographic
umt 70 will stop at the stop position. Alternatively, after
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turning on the virtual detent mode, the operator may control
the moving speed of the photographic unit 70 to be less than
or equal to the first reference speed when the photographic
unit 70 enters the stop space so that the system control unit
41 will gradually reduce the moving speed of the photo-
graphic unit 70 to stop the photographic umt 70 at the stop
position.

In accordance with another example, when the photo-
graphic unit 70 1s close to an end of the first guide rail 31 or
the second guide rail 32 1n FIGS. 2 and 3, the system control
unit 41 causes the movement of the photographic umt 70 to
stop by stopping the motor i operation regardless of
whether the virtual detent mode 1s turned on or off and
regardless of the moving speed of the photographic unit 70
to prevent the photographic unit 70 from running off the end
of the first guide rail 31 or the second guide rail 32.

The virtual detent mode has an advantage 1n that noise or
vibration of the radiographic system due to using a brake to
stop the photographic unit 70 may be prevented because the
movement ol the photographic unit 70 1s stopped by stop-
ping the driving of the motor without using the brake.
Furthermore, the brake itself may be omitted as described
above.

When the operator desires to stop the movement of the
photographic unit 70 at a target position while moving the
photographic unmit 70 in the power-assisted mode, 1t 1s
difficult to accurately stop the position of the photographic
unit 70 at the target position in one attempt. When the
above-described virtual detent mode 1s not used, the photo-
graphic unit 70 1s generally located at the target position
while the moving speed of the photographic unit 70 1s
reduced and the position of the photographic unit 70 1s finely
controlled.

In the power-assisted mode, a movement sensitivity of the
photographic umt 70, that 1s, a ratio (velocity/force) of the
moving speed of the photographic umt 70 to a force applied
to move the photographic unit 70, may be set to be large so
that the operator may move the photographic unit 70 with a
small force. As the movement sensitivity increases, the
magnitude of the force necessary to move the photographic
unit 70 decreases at a constant moving speed. Because the
movement sensitivity 1s basically set to easily move the
photographic unit 70 with the small force in the power-
assisted mode, the photographic unit 70 may move farther
than an intended distance even when the operator applies a
small force to finely control the position of the photographic
unit 70. Accordingly, a problem that 1t 1s diflicult to finely
control the position of the photographic unit 70 may occur.

FIG. 19 1s a graph illustrating a fixed movement sensi-
tivity of the radiographic system in accordance with one
example. As the movement sensitivity increases, the opera-
tor feels as 1f the photographic unit 70 1s light when moving,
the photographic unit 70. In contrast, as the movement
sensitivity decreases, the operator feels as 1 the photo-
graphic unit 70 1s heavy. When 1t 1s necessary to finely
control the position of the photographic unmit 70, 1t 1s
advantageous that the movement sensitivity be small so that
the operator will feel as 1f the photographic unit 70 1s heavy.
This 1s because a diflerence between a movement distance of
the photographic umt 70 intended by the operator and an
actual movement distance of the photographic umt 70
should to be small when it 1s necessary to finely control the
position of the photographic unit 70. However, when the
photographic unit 70 1s to moved by a predetermined
distance or more, 1t 1s advantageous that the movement
sensitivity be large so that the operator will feel as 1t the
photographic unit 70 1s light. This 1s because 1t 1s advanta-
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geous for the magnitude of the force necessary to move the
photographic unit 70 to be small. FIG. 19 illustrates four
different fixed movement sensitivities corresponding to four
user settings that may be selected by the operator using an
input unit provided on the operating panel 80 or the work-
station according to the operator’s preference.

Because a force that needs to be applied to obtain a
constant moving speed 1s small 1f a movement sensitivity
value increases when the movement sensitivity 1s set to have
a constant value as 1llustrated in FIG. 19, this 1s an advantage
when the photographic unit 70 1s to be moved by a prede-
termined distance or more. However, this 1s a disadvantage
when the position of the photographic unit 70 1s to be finely
controlled because the photographic unit 70 may move
farther than an intended distance. In contrast, 1f the move-
ment sensitivity value decreases, this 1s an advantage when
the position of the photographic unit 70 1s to be finely
controlled, but 1s a disadvantage when the photographic unit
70 1s to be moved by a predetermined distance or more.

Accordingly, settings suitable for both when the photo-
graphic unit 70 1s to be moved by a predetermined distance
or more and when the position of the photographic unit 70
1s to be finely controlled may be provided by setting a
variable movement sensitivity.

FIG. 20 1s a graph illustrating a variable movement
sensitivity of the radiographic system in accordance with
one example. As illustrated in FIG. 20, the movement
sensitivity of the photographic unit 70 1s fixed to a constant
value when the moving speed of the photographic unit 70 1s
greater than a preset second reference speed (200 millime-
ters/second (mm/s)) in the example 1n FIG. 19), thereby
providing a setting advantageous for the movement of the
photographic unit 70. When the moving speed of the pho-
tographic unit 70 1s less than or equal to the preset second
reference speed, the movement sensitivity of the photo-
graphic unit 70 1s set to be reduced as the moving speed of
the photographic unit 70 1s reduced, thereby providing a
setting advantageous for the fine control of the photographic
unit 70. FIG. 20 illustrates four diflerent variable movement
sensitivities corresponding to four user settings that may be
selected by the operator using an input unit provided on the
operating panel 80 or the workstation according to the
operator’s preference.

When the moving speed of the photographic unit 70 1s less
than or equal to the second reference speed, the movement
sensitivity of the photographic unit 70 1s reduced as the
moving speed of the photographic unit 70 1s reduced, and the
operator may finely control the movement of the photo-
graphic unit 70 according to the operator’s intention. For
example, because a movement sensitivity (a) i FIG. 20
when the photographic unit 70 1s being moved at a slow
speed during fine control 1s less than a movement sensitivity
(b) in FI1G. 20 when the photographic unit 70 1s being moved
at a slightly faster speed during fine control, the operator
may control the position of the photographic unit 70 with a
higher precision than when the movement sensitivity value
1s fixed as in FIG. 19 even when the movement sensitivity
value of the photographic unit 70 1s small.

Because 1t may be assumed that the operator desires to
finely control the position of the photographic unit 70 when
the speed of the photographic umt 70 1s suthiciently slow, the
second reference speed may be determined from this view-
point.

The vaniable movement sensitivity as illustrated 1in FIG.
20 may be preset and stored 1n the system control unit 41.
The operator may set the movement sensitivity by selecting




US 9,757,080 B2

29

one of the fixed movement sensitivities illustrated 1n FI1G. 19
or one of the variable movement sensitivities 1llustrated 1n
FIG. 20.

An 1nput unit such as a button capable of turning on and
ofl the setting of the above-described variable sensitivity
may be provided on the operating panel 80 or the worksta-
tion if necessary. The operator may set the variable move-
ment sensitivity by manipulating the button if necessary.

When the variable movement sensitivity has been set, the
speed sensor detects the moving speed of the photographic
unit 70 1n real time and transmits the detected moving speed
to the system control unit 41. If the moving speed of the
photographic unit 70 detected in real time 1s less than or
equal to the second reference speed, the movement sensi-
tivity 1s controlled according to a change 1n the speed of the
photographic unit 70 as illustrated in FIG. 20.

As the photographic umit 70 1s moved with the assistance
of the motor unit 110, the system control unit 41 outputs an
alarm sound indicating the movement of the photographic
unit 70 from the sound output unit 42 shown in FIG. 1,
thereby notitying the operator that the movement of the
photographic unit 70 1s achueved with the assistance of the
motor umt 110.

Different types of alarm sounds corresponding to different
movement modes of the photographic unit 70 may be stored
in advance. For example, the alarm sounds may include an
alarm sound indicating that the photographic unit 70 1s being
moved 1n the automatic movement mode, and an alarm
sound indicating that the photographic unit 70 1s being
moved in the manual movement mode. Accordingly, the
operator may recognize the current movement mode based
on the type of alarm sound being output.

Other sounds to be output from the sound output unit 52
that are related to various motions of the radiographic
system as well as the movement of the photographic unit 70
may be stored 1n advance. For example, various types of a
camera shutter sound may be stored 1n advance so that a
camera shutter sound 1s output when radiography 1s per-
formed by the radiographic system. When radiography 1is
performed, the camera shutter sound stored 1n advance may
be output from the sound output unit 42.

FIG. 21 1s a flowchart 1llustrating a method of controlling,
the radiographic system of FIGS. 1-14 1n accordance with
one example. Referring to FIG. 21, a force or a torque
applied to the photographic unit 70 1s measured by the
measurement unit 126 (600) as described above 1n connec-
tion with FIGS. 1-14.

After the measurement unit 126 measures the force or the
torque applied to the photographic unit 70, the system
control unit 41 determines a motor of the motors 111, 112,
113, 114, and 1135 of the motor umt 110 capable of providing
a driving force in a direction of the measured force or the
measured torque (610) as described above 1 connection
with FIG. 14.

After the motor of the motor unit 110 1s determined, the
system control unit 41 calculates a control signal including
a driving speed of the determined motor of the motor unit
110 based on the measured force or the measured torque
(620) as described above 1in connection with FIG. 14. In one
example, the system control unit 41 1s capable of calculating
control signals to control two or more of the motors 111, 112,
and 113 simultaneously to move the photographic unit 70
(X-ray source unit) in two or more of the directions D1, D2,
and D3 simultaneously i1 forces in two or more of the three
directions 1intersecting one another (X-axis force, Y-axis
force, and Z-axis force) are simultaneously sensed by the
measurement unit 126 (sensor unit).
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The system control unit 41 monitors a moving speed of
the photographic unit 70, and calculates a difference
between the moving speed of the photographic unit 70 and
the driving speed of the photographic unit (630) as described
above 1n connection with FIG. 14, determines whether the
difference equals or exceeds a predetermined reference
value (640) as described above in connection with FIG. 14,
and reduces the moving speed of the photographic unit 70 or
stops moving the photographic unit 70 if the difference
equals or exceeds the predetermined reference value (650)
as described above 1n connection with FIG. 14.

If the difference between the moving speed of the pho-
tographic unit 70 and the driving speed of the photographic
umt 70 1s smaller than the predetermined reference value,
the control unit removes a signal having a frequency range
corresponding to a resonance frequency range of the radio-
graphic system from the calculated control signal including
the driving speed of the determined motor of the motor unit
110 (660) as described above 1n connection with FIG. 14.

The system control unit 41 outputs the calculated control
signal from which the signal having the frequency range
corresponding to the resonance Irequency range of the
radiography apparatus has been removed to the determined
motor of the motor unit 110 to operate the determined motor
of the motor unit 110 (670) as described above 1n connection
with FIG. 14, and as the determined motor of the motor unit
110 operates according to the control signal of the system
control unit 41, the photographic umt 70 moves 1n the
direction of the force or the torque measured by the mea-
surement unit 126 (680) as described above in connection
with FIG. 14.

FIG. 22 1s a flowchart 1llustrating a virtual detent mode of
the radiographic system 1n accordance with one example.

Referring to FIG. 22, the system control unit 41 deter-
mines whether an operating mode 1s the virtual detent mode
(800).

An 1mput unit such as a button provided on the manipu-
lating unit (operating panel) 80 or the workstation to turn on
and off the virtual detent mode 11 necessary 1s manipulated,
and 1t 1s determined whether the virtual detent mode 1s
turned on.

When the virtual detent mode 1s has been turned on and
the photographic unit 70 moves (810), the system control
umt 41 determines whether the photographic unit 70 1s close
to a stop position (820). When the photographic unit 70 1s
close to the stop position, the system control unit 41 deter-
mines whether the moving speed of the photographic unit 70
1s less than or equal to the first reference speed (830). When
the moving speed of the photographic unit 70 1s less than or
equal to the first reference speed, the system control unit 41
stops the driving of the motor (840), and the movement of
the photographic unit 70 1s stopped at the stop position
(850).

The stop position at which the movement of the photo-
graphic unit 70 automatically stops in the virtual detent
mode may be directly designated and set by the operator, and
may be preset and stored as a position at which the photo-
graphic unit 70 1s frequently located. For example, the
position at which the photographic unit 70 1s located may be
a home position at which the photographic unit 70 1s located
while the radiographic system 1s not being used. The
encoder or the potentiometer described above detects a
position of the photographic unit 70 1n real time and trans-
mits the detected position to the system control unit 41, and
the system control unit 41 determines whether the position
of the photographic unit 70 detected in real time 1s equal to
the stop position.
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In addition, the speed sensor described above for detect-
ing the moving speed of the photographic unit 70 detects the
moving speed of the photographic unit 70 1n real time and
transmits the detected moving speed to the system control
unit 41. The system control unit 41 determines whether the
moving speed of the photographic umt 70 detected in real
time 1s less than or equal to the preset first reference speed
at the stop position. When the position of the photographic
unit 70 1s equal to the stop position and the moving speed of
the photographic unit 70 1s less than or equal to the first
reference speed, the system control unit 41 causes the
photographic unit 70 to stop at the stop position by stopping,
the driving of the motor that 1s assisting with the movement
of the photographic unit 70.

Alternatively, the system control unit 41 may determine
whether the position of the photographic unit 70 detected in
real time and transmitted from the encoder or the potenti-
ometer has entered a stop space having a predetermined
volume including the stop position. In addition, when the
position of the photographic unit 70 has entered the stop
space, the system control unit 41 determines whether the
moving speed of the photographic unit 70 determined 1n real
time 1s less than or equal to the first reference speed, and
gradually reducing the moving speed of the photographic
unit 70 so that the photographic unit 70 may stop at the stop
position when the moving speed of the photographic unit 70
1s less than or equal to the first reference speed. Because 1t
1s possible to stop the photographic unit 70 by gradually
reducing the moving speed of the photographic unit 70
without immediately stopping the photographic unit 70 by
setting the stop space, the photographic unit 70 may more
smoothly stop at the stop position.

The virtual detent mode has an advantage 1n that noise or
vibration of the radiographic system due to using a brake to
stop the movement of the photographic unit 70 may be
prevented from occurring because the movement of the
photographic unmit 70 1s stopped by stopping the driving of
the motor without using the brake. Furthermore, the brake
itself may be omitted as described above.

FIG. 23 1s a tlowchart 1llustrating a fine control mode of
the radiographic system in accordance with one example.

Referring to FIG. 23, the system control unit 41 deter-
mines whether the operating mode 1s the fine control mode
(860).

An 1nput unit such as a button provided on the operating
panel 80 or the workstation to turn on and off the setting of
the fine control mode 1f necessary 1s manipulated, and 1t 1s
determined whether the fine control mode 1n which a vari-
able movement sensitivity has been set 1s turned on.

When the fine control mode has been turned on, the
system control unit 41 determines whether the moving speed
of the photographic unit 70 1s less than or equal to the second
reference speed (870), and applies the variable movement
sensitivity when the moving speed of the photographic unit
70 1s less than or equal to the second reference speed (880).

As 1llustrated in FIG. 20, the movement sensitivity of the
photographic unit 70 1s fixed to a constant value when the
moving speed of the photographic umt 70 1s greater than the
preset second reference speed, thereby providing a setting
advantageous for the movement of the photographic unit 70.
When the moving speed of the photographic unit 70 1s less
than or equal to the preset second reference speed, the
movement sensitivity of the photographic unit 70 1s set to be
reduced as the moving speed of the photographic umt 70 1s
reduced, thereby providing a setting advantageous for the
fine control of the photographic umt 70.
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When the moving speed of the photographic unit 70 1s less
than or equal to the second reference speed, the movement
sensitivity of the photographic unit 70 1s reduced as the
moving speed of the photographic unit 70 1s reduced, and the
operator may control the movement of the photographic unit
70 according to the operator’s intention. For example,
because a movement sensitivity (a) i FIG. 20 when the
photographic unit 70 1s being moved at a slow speed during
fine control 1s less than a movement sensitivity (b) 1n FIG.
20 when the photographic unit 70 i1s being moved at a
slightly faster speed during fine control, the operator may
control the position of the photographic unit 70 with a higher
precision than when the movement sensitivity value 1s fixed
as m FIG. 19 even when the movement sensitivity value of
the photographic unit 70 1s small.

When the vanable movement sensitivity has been set, the
speed sensor detects the moving speed of the photographic
unit 70 1n real time and transmits the detected moving speed
to the system control unit 41. The system control unit 41
controls the movement sensitivity according to a speed
change of the photographic unit 70 as illustrated in FIG. 20
when the detected moving speed of the photographic unit 70
1s less than or equal to the second reference speed.

FIG. 24 1s a flowchart 1llustrating a method of performing
conversion from the coordinate system of the measuring unit
126 to the coordinate system of the radiographic system 1n
accordance with one example.

Retferring to FIG. 24, when the photographic unit 70
rotates (900), the encoder or the potentiometer of the motor
rotating the photographic unit 70 detects a rotation angle of
the photographic umt 70 (910). The system control umt
converts a direction of a force detected by the measurement
unit a direction 1n the coordinate system of the radiographic
system based on the detected rotation angle of the photo-
graphic umt (920). The system control unit operates the
drive unit based on the converted direction of the force
(930).

As described above with respect to FIG. 16, an encoder or
a potentiometer measures the rotation angle of the photo-
graphic unit 70 in real time when the photographic unit 70
rotates 1n the fourth direction D4 or the fifth direction D5
measures the rotation angle of the photographic unit 70 and
outputs the measured rotation angle to the system control
umt 41. The system control unit 41 converts a force mea-
sured 1n the coordinate system of the measurement unit 126
to a force i1n the coordinate system of the radiographic
system using the measured rotation angle output from the
encoder or the potentiometer and the coordinate conversion
defined by Equation 1.

That 1s, when the operator applies a force in the first or
X-axis direction of the coordinate system of the radiographic
system to move the photographic unit 70 in the first or
X-axis direction 1n a state 1n which the photographic unit 70
has been rotated in the fourth direction D4 and the mea-
surement unit 126 detects a direction of the force applied to
the photographic unit 70 in the coordinate system of the
measurement unit 126, the system control unit 41 converts
a force measured in the coordinate system of the measure-
ment unit 126 to a force in the coordinate system of the
radiographic system using the rotation angle measured by
the potentiometer or encoder and the coordinate conversion
defined by Equation 1. When the force measured by the
measurement unit 126 1s converted to the force in the
coordinate system of the radiographic system through the
coordinate conversion, the system control unit 41 drives the
motor for providing the driving force for moving the pho-
tographic unit 70 1n the first or X-axis direction 1n place of
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the second or Y-axis direction and assist the operator with
moving the photographic unit 70 i the first or X-axis
direction.

The system control unit 41, the manipulating unit 80, the
motor driver 100, the measurement unit or force/torque
sensor 126, the firmware 133, the USART 134, and the
RS-232 driver 133 described above that perform the various
operations described above may be implemented using one
or more hardware components, one or more software com-
ponents, or a combination of one or more hardware com-
ponents and one or more software components.

A hardware component may be, for example, a physical
device that physically performs one or more operations, but
1s not limited thereto. Examples of hardware components
include amplifiers, differential amplifiers, operational ampli-
fiers, low-pass filters, high-pass filters, band-pass filters,
analog-to-digital converters, digital-to-analog converters,
registers, differentiators, comparators, arithmetic units,
functional units, memory devices, radio cards, and process-
ing devices.

A software component may be implemented, for example,
by a processing device controlled by software or instructions
to perform one or more operations, but 1s not limited thereto.
A computer, controller, or other control device may cause
the processing device to run the software or execute the
instructions. One soltware component may be implemented
by one processing device, or two or more software compo-
nents may be implemented by one processing device, or one
soltware component may be implemented by two or more
processing devices, or two or more software components
may be implemented by two or more processing devices.

A processing device may be implemented using one or
more general-purpose or special-purpose computers, such
as, Tor example, a processor, a controller and an arithmetic
logic unit, a digital signal processor, a microcomputer, a
ficld-programmable array, a programmable logic unit, a
microprocessor, or any other device capable of runming
software or executing instructions. The processing device
may run an operating system (OS), and may run one or more
soltware applications that operate under the OS. The pro-
cessing device may access, store, mampulate, process, and
create data when runnming the software or executing the
instructions. For simplicity, the singular term “processing
device” may be used in the description, but one of ordinary
skill 1n the art will appreciate that a processing device may
include multiple processing elements and multiple types of
processing elements. For example, a processing device may
include one or more processors, or one or more Processors
and one or more controllers. In addition, different processing
configurations are possible, such as parallel processors or
multi-core processors.

A processing device configured to implement a software
component to perform an operation A may include a pro-
cessor programmed to run soltware or execute instructions
to control the processor to perform operation A. In addition,
a processing device configured to implement a software
component to perform an operation A, an operation B, and
an operation C may have various configurations, such as, for
example, a processor configured to implement a software
component to perform operations A, B, and C; a first
processor configured to implement a soitware component to
perform operation A, and a second processor configured to
implement a software component to perform operations B
and C; a first processor configured to implement a software
component to perform operations A and B, and a second
processor configured to implement a software component to
perform operation C; a first processor configured to 1mple-
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ment a software component to perform operation A, a
second processor configured to implement a software com-
ponent to perform operation B, and a third processor con-
figured to implement a software component to perform
operation C; a first processor configured to implement a
soltware component to perform operations A, B, and C, and
a second processor configured to mmplement a solftware
component to perform operations A, B, and C, or any other
configuration of one or more processors each implementing
one or more of operations A, B, and C. Although these
examples refer to three operations A, B, C, the number of
operations that may implemented 1s not limited to three, but
may be any number of operations required to achieve a
desired result or perform a desired task.

Software or instructions for controlling a processing
device to implement a software component may include a
computer program, a piece of code, an instruction, or some
combination thereof, for independently or collectively
istructing or configuring the processing device to perform
one or more desired operations. The software or istructions
may include machine code that may be directly executed by
the processing device, such as machine code produced by a
compiler, and/or higher-level code that may be executed by
the processing device using an interpreter. The software or
instructions and any associated data, data files, and data
structures may be embodied permanently or temporarily 1n
any type of machine, component, physical or virtual equip-
ment, computer storage medium or device, or a propagated
signal wave capable of providing instructions or data to or
being interpreted by the processing device. The software or
istructions and any associated data, data files, and data
structures also may be distributed over network-coupled
computer systems so that the soitware or instructions and
any associated data, data files, and data structures are stored
and executed 1 a distributed fashion.

For example, the software or instructions and any asso-
ciated data, data files, and data structures may be recorded,
stored, or fixed 1n one or more non-transitory computer-
readable storage media. A non-transitory computer-readable
storage medium may be any data storage device that 1s
capable of storing the software or instructions and any
associated data, data files, and data structures so that they
can be read by a computer system or processing device.
Examples of a non-transitory computer-readable storage
medium include read-only memory (ROM), random-access

memory (RAM), flash memory, CD-ROMs, CD-Rs,
CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs,
DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs,

BD-ROMs, BD-Rs, BD-R LTHs, BD-REs, magnetic tapes,
floppy disks, magneto-optical data storage devices, optical
data storage devices, hard disks, solid-state disks, or any
other non-transitory computer-readable storage medium
known to one of ordinary skill in the art.

Functional programs, codes, and code segments for
implementing the examples disclosed herein can be easily
constructed by a programmer skilled in the art to which the
examples pertain based on the drawings and their corre-
sponding descriptions as provided herein.

While this disclosure includes specific examples, 1t will
be apparent to one of ordinary skill in the art that various
changes 1n form and details may be made 1n these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered 1n a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects 1 other examples. Suitable results may
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be achieved if the described techniques are performed 1n a
different order, and/or 1f components 1n a described system,
architecture, device, or circuit are combined 1n a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the
disclosure 1s defined not by the detailed description, but by
the claims and their equivalents, and all vanations within the
scope of the claims and their equivalents are to be construed
as being included 1n the disclosure.

What 1s claimed 1s:

1. A radiographic system comprising:

a photographic unit;

a speed sensor configured to detect a moving speed of the

photographic unit; and

a system control unit configured to stop movement of the

photographic unit at a preset stop position 1n response
to the moving speed of the photographic unit being less
than or equal to a first reference speed in a direction
toward the preset stop position before the photographic
unit reaches the preset stop position so that the photo-
graphic unit 1s positioned at the preset stop position
aiter the movement of the photographic unit 1s stopped.

2. The radiographic system of claim 1, wherein the system
control unit 1s further configured to decrease the moving
speed of the photographic unit so that the movement of the
photographic unit stops at the preset stop position in
response to the moving speed of the photographic unit being,
less than or equal to the first reference speed 1n the direction
toward the preset stop position after the photographic unit
enters a ace within a preset distance from the preset stop
position so that the photographic unit 1s positioned at the
preset stop position aiter the movement of the photographic
unit 1s stopped.

3. The radiographic system of claim 1, further comprising
a drive unit configured to move the photographic unit;

wherein the system control unit 1s further configured to

control the drive unit to stop operating to stop the
movement of the photographic unit at the preset stop
position 1n response to the moving speed of the pho-
tographic unit being less than or equal to the first
reference speed in the direction toward the preset stop
position before the photographic unit reaches the preset
stop position so that the photographic unit 1s positioned
at the stop position after the movement of the photo-
graphic unit 1s stopped.

4. The radiographic system of claim 3, wherein the system
control unit 1s further configured to control the drive unit to
decrease a driving speed of the photographic unit so that the
movement of the photographic unit stops at the preset stop
position in response to the moving speed of the photographic
unit being less than or equal to the first reference speed 1n the
direction toward the preset stop position after the photo-
graphic unit enters a space within a preset distance from the
preset stop position so that the photographic unit 1s posi-
tioned at the preset stop position after the movement of the
photographic unit 1s stopped.

5. The radiographic system of claim 1, further comprising,
an operating panel comprising an input unit configured to
instruct the system control unit to stop the movement of the
photographic unmit at the preset stop position.

6. The radiographic system of claim 1, wherein the system
control unit 1s further configured to change a ratio of the
moving speed of the photographic unit to a force applied to
the photographic unit according to a change 1n the moving,
speed of the photographic unit 1n response to the moving
speed of the photographic unit being less than or equal to a
second reference speed.
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7. The radiographic system of claim 6, wherein the system
control unit 1s further configured to maintain constant the
ratio of the moving speed of the photographic unit to the
force applied to the photographic unit 1n response to the
moving speed of the photographic unit being greater than the
second reference speed.

8. The radiographic system of claim 6, wherein the system
control unit 1s further configured to reduce the ratio of the
moving speed of the photographic unit to the force applied
to the photographic unit in response to the moving speed of
the photographic unit being less than or equal to the second
reference speed.

9. The radiographic system of claim 6, further compris-
ng:

a measurement unit configured to measure a magnitude
and a direction of an external force applied to the
photographic unit; and

a drive unit configured to move the photographic unit
based on the magnitude and the direction of the exter-
nal force measured by the measurement umt and the
ratio of the moving speed of the photographic unit to
the force applied to the photographic unit;

wherein the system control unit 1s further configured to
reduce the ratio of the moving speed of the photo-
graphic umt to the force applied to the photographic
unit as the moving speed of the photographic unit
decreases 1n response to the moving speed of the
photographic unit being less or equal to the second
reference speed, thereby causing the drive unit to
reduce a driving force for moving the photographic unit
as the moving speed of the photographic unit decreases
in response to the moving speed of the photographic
unit beimng less or equal to the second reference speed.

10. The radiographic system of claim 6, further compris-
ing an operating panel comprising an input unit configured
to 1nstruct the system control umit to change the ratio of the
moving speed of the photographic unit to the force applied
to the photographic unit 1n response to the moving speed
being less than or equal to the second reference speed.

11. The radiographic system of claim 1, further compris-
ng:

an operating panel comprising a button configured to be
pressed to indicate that a movement direction of the
photographic unit 1s to be limited to a specific move-
ment direction;

a measurement unit provided between the operating panel
and the photographic unit and configured to measure a
magnitude and a direction of an external force applied
to the operating panel; and

a drive unit configured to move the photographic unit only
in the specific movement direction based on the mag-
nitude and the direction of the external force measured
by the measurement unit in response to the button being
pressed.

12. The radiographic system of claim 11, wherein the
drive unit 1s further configured to output power for moving
the photographic unit only in the specific movement direc-
tion based on the magnitude of the external force measured
by the measurement unit 1n response to the button being
pressed.

13. The radiographic system of claim 11, wherein the
drive unit 1s further configured to move the photographic
unit only in the specific movement direction only while the
button 1s pressed, and stop the movement of the photo-
graphic unit in response to the pressed button being released.

14. The radiographic system of claim 1, further compris-
ng:
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an operating panel configured to receive an mput of
radiographic mformation for driving the photographic
unit; and

a measurement unit provided between the photographic

unmit and the operating panel and configured to measure
a magnitude and a direction of an external force applied
to the operating panel, wherein the system control unit
1s Turther configured to convert a coordinate system of
the measurement umt to a coordinate system of the
radiographic system based on a rotation angle of the
photographic unit.

15. The radiographic system of claim 14, wherein the
measurement unit 1s further configured to measure the
direction of the external force 1n the coordinate system of the
measurement unit; and

the system control unit 1s further configured to convert the

direction of the external force measured by the mea-
surement unit 1n the coordinate system of the measure-
ment unit to a direction 1n the coordinate system of the
radiographic system based on the rotation angle of the
photographic unit.

16. The radiographic system of claim 14, further com-
prising a drive unit configured to move the photographic unit
based on the magnitude of the external force measured by
the measurement unit 1 the converted direction of the
coordinate system of the radiographic system.

17. The radiographic system of claim 14, further com-
prising a potentiometer or encoder configured to detect the
rotation angle of the photographic unit, and provide infor-
mation on the detected rotation angle of the photographic
unit to the system control unit.

18. The radiographic system of claim 1, wherein the
system control unit 1s further configured to calculate a
resonance frequency of the radiographic system at a move-
ment position of the photographic umt, and output a control
signal from which a frequency band comprising the calcu-
lated resonance frequency has been removed.

19. The radiographic system of claim 18, wherein the
system control umit 1s further configured to store resonance
frequency information of the radiographic system at prede-
termined movement positions ol the photographic unit, and
calculate the resonance frequency of the radiographic sys-
tem at the movement position of the photographic unit based
on the stored resonance frequency information.

20. The radiographic system of claim 18, wherein the
system control unit 1s further configured to store coordinates
of predetermined points 1n a movement space of the photo-
graphic unit and resonance frequency information of the
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radiographic system at the predetermined points, and calcu-
late the resonance frequency of the radiographic system at
the movement position of the photographic unit by interpo-
lating the stored resonance Irequency information of the
radiographic system at ones of the predetermined points that
are closest to the movement position of the photographic
unit.
21. The radiographic system of claim 1, further compris-
ing a drive unit configured to move the photographic unit;
wherein the system control unit 1s further configured to
control the drive unit to:
move the photographic unit 1n a power-assisted mode 1n
response to a physical force applied to the photographic
unit by an operator, and
stop the movement of the photographic unit in the power-
assisted mode at the preset stop position in response to
the moving speed of the photographic umt being less
than or equal to the first reference speed 1n the direction
toward the preset stop position before the photographic
unit reaches the preset stop position so that the photo-
graphic unit 1s positioned at the preset stop position
after the movement of the photographic unit 1s stopped.
22. The radiographic system of claim 21, wherein the
system control unit 1s further configured to control the drnive
unit to continue moving the photographic unit in the power-
assisted mode past the preset stop position 1n response to the
moving speed of the photographic unit being greater than the
first reference speed 1n the direction toward the preset stop
position before the photographic unit reaches the preset stop
position.
23. A radiographic system comprising;
a photographic unit;
a drive unit configured to move the photographic unait;
a speed sensor configured to detect a moving speed of the
photographic unit; and
a system control unit configured to control the drive unit
to:
move the photographic unit 1n a power-assisted mode
in response to a physical force applied to the pho-
tographic unit by an operator, and
continue moving the photographic unit in the power-
assisted mode past a preset stop position 1n response
to the moving speed of the photographic unit being
greater than a first reference speed 1n a direction
toward the preset stop position before the photo-
graphic unit reaches the preset stop position.
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